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ABSTRACT 


Theoretical  and  ex|5erlmeatal  atudlee  on  the  "activities" 
of  aonspeolfic  and  specific  projecticn  systems  hidden  in  the 
electroencephalogram  were  conducted  from  the  standpoint  cf  the 
random  process  in  a  stochastic  servesystem. 

It  was  verified  that  EEC  "activity"  (frequency  respense) 
is  not  only  equivalent  to  the  "excitability  cycle"  of  an 
excitable  system,  but  to  an  extension  of  the  "spectral  sensi- 
tibity  curve"  ct  the  visual  system  and  "response  area"  of  the 
auditory  system. 

An  augmentative  interaction  elicited  by  binocular  afferent 
Inflows  were  found  in  the  EEC  activities  of  specific  thalamic 
level  of  cat St  while  not  only  augmentative  but  inhibitory 
interactions  were  observed  in  the  cerebral  visual,  somatosensory 
and  association  areas. 

Cerebral  BEG  activities  were  elicited  by  centromedian 
and  midterain  reticula’'  etimulation  of  low  frequency.  A  high 
frequency  reticular  stim;xlation,  by  which  electrocortical 
arousal  was  induced  in  BEG,  followed  an  inhibitory  and  aug¬ 
mentative  processes  to  reduce  and  enhance  respectively  the 
flicker  activity  of  low  frequency. 

It  was  inferred  from  the  above  theoretical  and  experimental 
results  that  scrvomechanic  roles  of  nonspecific  and  specific 
projection  sys'ems  are  capable  of  observing  in  the  BEG  "  ac¬ 
tivities".  Oil  the  same  roleo  in  the  descending  reticular 
system,  some  theoretical  and  experimental  evidences  were 
demonstrated  in  the  myotonographic  (MT)  "activity". 
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1.  A  9SMmsm  0?  lai  maim 

i 

Ih«  research  worke  were  parforaed  wn  the  iwle  of  the 
amapeolflo  (the  znioleae  oeatroa  aedlaami)  and  apeeiflc  (the 
lateral  geaicmlate  bcdjr)  thalaaie  oaclei  and  the  aidhzain 
retimCLar  formation  from  the  point  of  riew  of  the  fkoquoaojr 
rooponee  activities  of  the  electroencephalofraa  (IIO)  and 
ayotonogramt  which  are  able  to  oonsider  as  random  prooeeses 
in  a  aervosystem  (Sato  1962). 

2.  ANALYSIS  OF  THE  PROBLEM  AND  AN  EXPLANATION  0?  CONTROLS 

USED 

The  frequency  response  aotlvities*  which  has  already  re¬ 
ported  In  the  paragraph  2  of  the  first  quarterly  progresr 
report,  of  BEG  In  the  cerebral  visual,  somatosensory  and  as¬ 
sociation  areas,  specific  and  nonspecific  thalamic  nuclei  smd 
mldbraln  reticular  formation  were  obtained  under  visual  and 
cutaneous  stimulation  and  electric  shock  stimulation  to  the 
nucleus  centrum  medlanum  and  retleular  formation,  wherein 
frequency  responses  xmder  a  combined  stimulation  with  visual 
and  one  of  other  stimulation  were  also  observed.  In  most 
experiments,  BEG  activities  (frequency  response)  elicited  by 
rhythmic  flash  stimulation  with  various  frequencies  In  the 
range  of  from  1  to  20  per  second  were  regarded  as  Introducing 
the  control  activities. 

The  roles  of  the  nonspecific  and  specific  thalamic  nuclei 
and  reticular  formation  were  analysed  by  comparing  with  these 
frequency  response  activities  each  other  In  the  above  three 
cerebral  regions  under  and  without  influences  of  the  stimu¬ 
lation  to  the  nucleus  centrum  medlanum,  lateral  geniculate 
body  or  midbrain  retlcxilar  formation. 

OUTLINE  OF  EXPERIMENTAL  PROCEDURE 

Ejqperlments  were  carried  out  on  oats  weighing  about  3kg* 
Under  ether  anesthesia,  the  tracheal  cannula  was  put  In  the 
trachea  and  the  head  was  fixed  on  the  Johnson's  type  sters- 
otaxie  instxument  (fig,  3-1),  thereafter  the  skull  was  epsasd 

-  1  - 


Fig.  Jonson's  type  stereotaxic  instrument  for  monkey, 

cat  and  rabbit. 

This  Instrument  was  purchased  by  the  Fund  of  the  Rocke¬ 
feller  Foundation  (GA.  BMR  5893) • 


with  minimum  bleeding.  Then  the  ether  vme  bloim 
out  by  ertlflolal  respiration  In  the  electromagnet loally 
shielded  room  (Fig.  3-^2).  In  the  next  procedure,  the  eat 
vme  Immobilized  by  an  Intraperitoneal  injection  of  20  mg/kg 
of  flaxedll.  Oxygen  was  mixed  in  the  outflowing  air  from 
the  artificial  respirator.  In  some  animals  experiments  were 
performed  uttier  Keabutal  anesthesia  (30  mg/kg),  whereby  artl- 
flcal  respiiiitlon  was  not  necessary  . 

Blpdwr  depth  electrodes  made  of  steel  wire  or  nicrome 
wire  (Gauge  22  and  24)  were  Inserted  by  the  aid  of  the  stere¬ 
otaxic  atlas  by  Jasper  ft  Ajmon-Marsan  (1954)  or  by  Snider  ft 
Niemer  (1961)«  Silver  ball-tip  surface  electrodes,  which 
were  insulated  except  at  the  tip,  were  monopolarlly  placed 
onto  the  pla  mater  or  dura  mater  in  the  areas  noted  above  In 
the  paragraph  2.  Reference  silver  wire  electrode  was  In¬ 
serted  in  the  neck  muscle.  The  opened  cerebral  surface  was 
covered  with  warmed  agar  gel  made  from  Ringer's  solution  or 
with  warmed  mineral  oil.  The  temperature  of  shielded  room 
was  kept  always  28-29°C  and  a  rubber  bag  filled  with  hot 
water  was  put  beneath  the  abdomen  to  keep  nnima.1  in  good  con¬ 
ditions. 

4.  EXPLANATION  OP  INSTRUMENTATION  EMPLOYED 

As  can  be  seen  in  the  block  diagram,  illustrated  in  Fig. 
4-1,  EEGs,  myotoiiograns  (MTs)  and  the  signals  of  the  stimu¬ 
lation  were  recorded  on  the  recording  paper  by  8  channel  ink- 
writing  electroencephalograph  (Fig.  4-2)  (3an' ei-Sokki  Co., 
Tokyo)  and  on  the  l/4inch  magnetic  tape  (Soni-Tape)  simul¬ 
taneously  by  3  channel  (Pig.  4-5)  or  8  channel  data  recorder 
(Fig.  4-4)  (Shiroyama-tsdshln)  by  niefins  of  pulse-width-modu- 
latlon  (PWM)  method.  Occasionally,  by  cpplying  a  double 
beam  cathode  ray  oscilloscope  (Nihorlc6den  Co, )  (Fig,  4-3)  and 
Grass'  type  long  recording  oscilloscope  camera  (Fig.  4-5), 
the  above  EBG  and/or  MT  and  the  stimulation  curves  were  photo¬ 
graphed  on  35mm  film.  Rhythmic  flash  stimulation  mono-  or 


?lg.  >-2.  Cat  fixed  on  the  stereotaxic  Instrunent  ready  to 
the  experiment. 

Depth  electrodes  have  Inserted  in  the  brain  and  surface 
electrodes  have  placed  on  the  exposed  pia  or  dura  mater. 


1 


Pig.  4-lA.  Blockdiagrams  for  EEG  recording  and  its  data 
processing. 


Pig.  4-IB.  Blockdiagram  for  MT  recording  and  its  data 
processing. 


Pig*  4-3*  3-channel  analogue  data  recorder. 

On  the  right  upper,  a  part  of  double  beams  cathode  ray 
oscilloscope  is  seen.  By  an  electronic  switch  each  of  the 
double  beams  is  separated  in  two,  so  that  one  oscilloscope 
/  works  as  a  four  beams  oscilloscope  to  control  the  data  recorder. 


Pig.  4-4.  8-channel  analogue  data  recorder. 

By  two  cathode  ray  oscilloscopes,  illustrated  in  Pig. 
4-5,  right  upper,  simultaneous  data  recording  by  means  of 
eight  channels  are  able  to  control. 


Pig.  4-5.  Grass'  type  long  recording  oscilloscope  camera. 

This  was  also  purchased  by  the  Fund  of  the  Rockefeller 
Foundation  (GA.  BMR  5893). 


Mt— iMrily  wHi  4«Iiv«Md  lor  strote-OMk  at  th« 

photic  ottBUlator  (S«B'ol-3ddcl»  Go%)*  tho  otladM  Itt- 
toBsity  of  flooh  ms  ohsoged  )qr  ooyoriag  tho  strobo-fLooh  mlTO 
with  a  filter  •  which  has  a  round  window  of  varloxis  dloMter 
(5>  10,  20,  30,  30  and  150  ms).  Por  the  y  rpose  of  obtaining 
steady  results  and  of  aiming  tonic  activities,  oim  atlnulatlon 
was  delivered  for  60-90  sec. ,  although  a  far  shorter  duration 
(less  than  5  sec  long  in  most  instances)  of  a  stimulation  is 
generally  delivered  in  the  study  of  the  central  nervous  systeoi. 
At  the  end  of  the  experiment  the  animal's  head  was  perfused 
with  10  ^  formalin  and  the  brain  was  extirpated  to  embed 
into  10  io  formeilin.  Celloidin  or  paraffine  sections  cut  at 
10-20  microns  were  stained  by  routine  KlUver-Barrera  staining 
method  (1953).  And  the  location  of  the  depth  electrodes 
inserted  in  thalaialc  nuclei  and/or  reticular  formation  were 
chocked  hiatolo;?ically.  Inctruments  employed  in  the  data 
processing  will  be  noted  in  the  next  paragraph. 

5.  DAT;.  PROCadSlDG  OP  THE  RTTSRIMENTAL  DATA  (STATISTICilL 

an/JjYsis  op  eat.,  taken). 

The  procedures  of  EEG  recordings  and  their  data  processing 
are  illustrated  in  the  block  diagram  (Fig.  4-1).  The  follow¬ 
ing  data  processings  were  performed  to  analyse  regular  average 
time-  and  frequency-patterns  from  BEG  and  MT  recordings  with 
random  irregular  fluctuations. 

a.  Correlation  analysis.  The  data  recorded  magnetically 
on  1/4  inch  magnetic  Soni-tapea  were  re-recorded  on  the  1/2 
inch  endless  magnetic  Scotch  tape  for  35  sec  to  put  on  the 
analogue  type  correlator  (CGA-22,  Sony  Corp.)  (Pig.  5-1)  or 
for  60  sec  to  put  on  the  pulse  signal  universal  correlator 
(UCA-26,  Sony  Corp.)  (Pig.  5-2).  The  analogue  type  corre¬ 
lator  (CCA-22)  can  analyse  the  wave  form  in  the  frequency 
range  lower  than  about  20-30  c/sec,  so  that  it  cannot  carry 
th>  ci osscorrclation  analys-ls  between  pulse  (flash  or  electric 
>!tim..'..lMtion  and  PPG  or  MT.  This  pulse  signal  umi— 
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Pig.  5-1.  Analogue  type  correlator  (CCA-22).  (Sato,  Mimura 
et  al.  1962) 

The  left  box:  driving  mechnism  to  rotate  the  endless 
tape,  which  is  put  on  the  front  surface  of  the  box. 

A  low  and  long  box  in  the  middle:  data  recording  and 
reproducing  mechauiisms. 

A  low  and  long  box  in  the  middle  right:  computer 
mechanism  for  obtaining  auto-  and  crosscorrelation. 

On  the  right  of  the  computer  mechanism,  an  inkwriting 
galvanometer  to  trace  correlogram  is  seen.  This  correlator 
was  made  to  analyse  oscillation  in  an  eaurthquake  and  designed 
for  the  first  time  by  us  for  the  purpose  of  EEO  analysis. 

On  the  most  right  and  right  upper,  a  part  of  the  stimulator 
mechanism  are  seen. 


Pig.  5-2.  Specially  desi^aed  pulae  3 
(UCA-26)  (Sato,  Kiraura  et  a.  1962). 


M:  Part  of  the  tape-crivio |  meohanism 
this  part  is  shora  in  tie  lower, 
heads.  A'  and  B'  are  riproducing 
E:  Part  of  the  electronic  calculation 
R:  Heating  pen  type  recorder  to  reoor 
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irartal  eorrclator  (UOA-26)  eaa  fvtmm  m%  vtlf  mtXfMia  vaAw 

tht  ••■•  principle  as  the  analogue  type  oorrelfttor«  but  also 
oaa  oonpute  the  auto-  and  croaseorrelograaa  of  one  and  two 
pulse  signal  time  series  respectiTely.  In  addition,  this 
oorrslator  can  periona  also  the  crosscorrelation  analysis  of 
tbs  pulse  stimulation  and  EEG  or  HT,  because  it  was  designed 
to  perform  our  methods  for  obtaining  the  average  response 
time-pattern  (Sato  et  al.  1962),  crosscorrelation  analysis 
(Sato  et  al.  1962)  and  autocorrelation  analysis  (Sato  et  al. 
1962). 

Autocorrelation  analysis  was  performed  by  the  analogue 
type  correlator  (CCA-22),  while  crosscorrelation  analysis 
between  rhythmic  stimulation  and  the  BEG  recording  was  computed 
by  the  pulse  signal  universal  correlator  (UCA-26),  by  which 
autocorrelograms  were  also  obtained  if  necessary. 

Numerical  crosscorrelation  analysis  was  performed  in  the 
following  procedures.  Inkwritten  or  photographed  EEG  and/or 
MT  curves  and  signal  of  the  stimulation  respectively  obtained 
by  the  electroencephalograph  or  the  Grass'  type  oscilloscope 
camera  (Fig.  4-3)  and  cathode-ray  oscilloscope  were  copied 
by  handwriting  on  the  transparent  graph  papers  or  recopied 
photographically  on  special  bromide  papers  by  the  quick  copy 
(Fuji  Co.).  A  zero-axis  (base  line)  of  every  fiSGs  or  MTs 
was  selected  in  the  center  of  the  oscillating  fluctuation  in 
each  of  them  and  the  ordinates  of  the  BEG  or  HI  were  eampled 
digitally  at  every  one  millimeter  or  every  one  half  milimeter, 
which  corresponds,  to  1/60  and  1/120  sec  respectively,  because 
the  paper  speed  for  inkwriting  EEGs  by  the  electroencephalograph 
was  60  mm/see  Ihe  crosscorrelogram  between  the  time  series 
Of  EBG  obtained  by  the  above  noted  procedures  amd  the  stimu¬ 
lation  were  computed  by  our  simple  and  practical  method  (Sato 
et  al.,  1962). 

Freausnov  analysis.  Auto-  and  crossoorrelograms  rs- 
oordid  by  the  ipU.se  signal  correlator  (UCA-26)  and  some  of 
SttbooorreXogrsM  traoed  by  the  analogue  type  correlator  (001-22) 
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iMrt  rteorded  under  the  aagnetie  BD  reoordlnc  (boundniy  die- 
plaoeaeat  type  recording)  onto  X/2  inch  aagnetio  tape  by  a 
•peolally  deiagned  pantagraph  (Vig*  5-3)*  Frequency  spectra 
of  thsB  were  recorded  by  the  iMtaat  epeotrum  analyser  (Sony 
Oorpt )  (Fif .  5-4A) f  lAloh  was  newly  designed  for  Bid  data 
preotMlaf  (Uesura  1960).  The  priaoiple  of  this  nsw  analyser 

is  as  follows  I  The  nagnetic  1/2  Inch  t^pe  (Fig.  5-4B,  t),  onto 
idiioh  a  correlogram  of  EEO  was  drawn  by  BD  rocording,  la  let 
to  contact  with  the  rotary  magnetic  reproducing  head  (Fig. 
$-4B.  RH)  and  the  rotary  head  (H)  Is  led  to  rotate  by  .an 
electric  motor.  When  the  head  runs  rubbing  the  lower  surface 
of  the  tape  with  Its  velocity  of  "v”  cm/sec,  the  oscillating 
electric  current  with  a  frequency  of  "f"  c/sec  will  be  repro¬ 
duced  from  the  head  (H)  under  the  following  relationship 

(5.1)  f  =  vfy,  i.e.  fy  *  f/v 

where  "f^”  is  the  frequency  of  the  oscillation  recorded  onto 
the  tape  (T) .  The  oscillating  current  of  "f "  c/sec  flows 
in  the  first  amplifier  to  amplify  and  to  flow  in  the  filter 
(P).  If  the  frequency  of  the  filter  la  "f^"  c/sec,  then 

(5.2)  fj.  .  f,/v, 

Thus,  only  the  current  of  f^  c/aec  in  the  output  current  of 
the  amplifier  can  exclussively  pass  the  filter  (P).  The 
higher  the  rotating  velocity  of  the  head  (H)  is,  therefore, 
the  slower  oscillation  in  the  drawn  waves  onto  the  tape  will 
be  analysed  and  vice  versa.  The  analysed  oscillating  current 
was  rectified  to  obtain  a  direct  current  proportioned  to  Its 
amplitude.  The  rectified  current  is  amplified  again  by  the 
D.C.  amplifier  (A2)  suitably  to  record  the  frequency  spectrum 
on  the  special  recording  paper  (Nlkko-Recordlng  paper)  by  the 
heating-pen-type  recorder  (P). 

When  the  head  (H)  is  set  In  motion.  It  rotates  with  In¬ 
creasing  velocity  to  reach  a  maximum  speed,  and  then  the  htsA 
loses  Its  speed  gradually.  In  '^he  former  half  sensitlwlty 
Cor  analysis  Is  checked  and  adjusted  and  In  the  later  half  the 
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?ig.  5-3*  Specially  designed  pantagraph  for  BD  recording 
the  wave  form  (BEG  or  NT  curve  and/or  their  correlograms)  on 
1/2  inch  magnetic  tape. 

The  curve  will  be  drawn  on  a  scale  of  one>thlrd  of  the 
original  wave  form  In  Its  length  and  amplitude.  The  reduced 
cxirve  dram  on  a  tape  cannot  be  visualized  In  Itself,  but 
can  be  by  spattering  special  Iron  powder  slightly  onto  It 
to  check. 
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fif.  5**4>  The  Instant  spectrum  analyser  specially  designed 
for  no  analyslHi  (Ucmiira,  1961,8.,  b),  which  was  originally 
asked  to  make  by  us. 

Ai  Otneral  view  of  the  instont  spectrum  analyser. 

Bi  Block  diagran.  of  the  analyser. 

The  tape  (T),  onto  which  the  wave  form  was 
drawn  by  the  special  panteigraph  (Pig*  5-3) »  is 
attached  to  the  rotating  head  (H).  When  the  head 
is  set  in  motion  with  gradually  increasing  speed  to 
a  maximum  and  then  decreasing  speed,  the  frequency 
spectrum  will  be  traced  by  the  heating  pen  type 
pen-recorder  (P)  or.  the  special  paper  (Nikko-recording 
paper) . 

C:  Upper  curves  are  sinoidal  waves  of  various  frequencies 
(cyc.lea  per  second). 

.1.  '  :  '.-H  are  their  peaiks  analysed  by  the 

analyser. 
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Xa  aoM  of  the  autooorrelocraao  aad  crooacenralofraM, 
lAlaii  were  reapeotlYely  traced  hy  the  aaalofaa  type  oorrelator 
(00Af*ti)  or  hr  the  pialae  al^Ml  envelatwr  (0OAf»t€)  aad/cr 
eeapttted  hp  ear  aethei  acted  ahevei  their  eVdithtei  cere 
■aafled  to  fora  dlfital  tiae  eeriea  hr  the  aheve  aeted  aethod 
aad  the  tiae  aerlee  were  puaohed  on  the  data  tapeo  hr  the 
d*uait  perforator  (Kuroeavai-tedeia  0o.»  and  or  Okideaki  E.E.) 
(fig«  5>5fA  and  B)  and  sent  to  the  admlaletrator  of  the  e- 
leetronlc  computer  in  Tokyo  and  their  frequency  epeetra  were 
ooaputed  by  means  of  the  program  of  201  ordinates  harmonic 
analysis  and  the  results  were  sent  back  to  our  laboratory* 

In  some  of  the  time  series  sampled  from  the  above  auto»  and 
ero8ecorrelO;^7ams  Kobayashl's  double  harmonic  analysis  (1953t 
1953)  were  also  applied  In  our  laboratory  to  obtain  their 
frequency  spectra. 

c.  Frequency  response  analysis.  An  important  relation 
between  the  power  spectrum  of  the  rhythmic  experimental 
etiaUatlon  with  'f  per  sec,  that  of  the  croeecorrelation 
fbaetion  between  the  experimental  stimulation  aad  the  BM 
tracing  during  the  stimulation  and  the  SSG  generator  activity 
or  the  frequency  response  of  the  generator  have  already  re¬ 
ported  in  the  Paragraph  2  of  THB  FIRST  QUARISBLT  P&09R133 
KIPOBX,  i.e. 

(5.5)  X*(e;f).  0(e;f)  -^^y(f), 

where  Z(e;f)  andS  (f)  are  reepeotlvely  the  power  spectra 
of  the  experimental  stleulation  aad  the  croeecorrelation 
function  and  0(e;f)  la  the  frequency  response  of  the  generator, 
qr  the  power  spectrum  of  "threshold-impulBe-respoase"  of  the 
geaerator  due  to  an  experimental  Impulee  etiaulatioa. 

As  the  rhythmic  experimental  stimulation  with  various 
frequencies  were  delivered  always  with  a  finite  ooaetaat 
intensity  in  any  frequency,  the  power  speotrun  of  the  stimu¬ 
lation  is  able  to  regard  as  always  oonstaat  in  every  fkt* 
qttenoies  of  all  the  stimulations,  i.e. 

-  le  - 
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Pig.  5-5A.  6  unit  perforator  (Kurosawa-Tsdshin) . 


Pig.  5-5B.  6  unit  perforator  (Oki-Blectric  Industry  Co.). 
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(5«4)  X(®}f)  -  Kg,  (Kgt  ooMt.) 

TlMrtfor«« 

(5.3')  iJoUlf)  - 

0«Mi«4HMitX]r,  tk«  property  of  the  fwieretor  eetlTity  (tre* 
fUMUsy  reapettse),  0(e;f)«  would  he  rewealed  by  the  fewer 

•peetrua  of  the  croescorrelograa  of  the  experiaeatel  etiMii* 
letloa  and  the  BSO  tracing  during  delivery  of  the  etloulatioa. 
For  convenience  sake,  therefore,  the  above  croescorrelograa 

^^gy(f)  is  usually  nominated  as  the  frequency  response  in 
place  of  G(e;f)  itself. 

The  frequency  response  activities  were  obtained  in  the 
following  procedures. 

(1)  Data  saxurdir/^  and  crosscorrelation  analysis.  An  ink- 
written  or  photogiaphed  EBG  tracing  with  the  signals  of  the 
experimental  rhythmic  stimulation  was  traced  by  handwriting 
on  the  transparent  graph  paper  when  the  digital  numericsd 
crosscorrelation  analysis  (Sato  et  al.,  1962)  noted  above  is 
•ppllsd,  while  msgnstloally  recorded  SEO  and  rhythmic  pulse 
•tritt  of  ths  stiiMlation,  which  were  recorded  onto  1/4  inch 
haps  by  the  3~ohaBnsl  or  8*obaiiael  data  recorder,  were  re- 
rsoordsd  on  ths  sndlsss  1/2  inch  Scotch  tape  by  ths  data 
rseordsr  and  tha  pulsa  signal  correlator  (UCA-26)  to  obtain 
tha  oroaaoorralofrau  of  tha  rhyttaMio  stinulation  and  SEG  by 
•sans  of  tha  pulaa  Bigaal  oorralator. 

Sfaua,  tha  oroaaoorrslograM  of  tha  stimulation  of  varl- 
oua  fraquanoiaa  and  tha  UG  rsoordlnga  wars  obtainad  (Fig. 

5-M  and  S-7B). 

(2)  inaMnnY  MiiTiti  Gf  armBanritiimi*  forma 
of  tha  orosaoorralefrsM  wars  raeordad  ■agnatioally  onto  1/2 
inch  taps  by  tba  apaoially  daaifntd  paatagraph  (Fig,  5»3)  by 
•tana  of  bcuadary  diaplaoaaaat  typs  aagnatie  raeardiag  (BD 
rtoerding)  and  than  ths  aaplituda  spaatrui  of  a  aroatoavralo- 
graft  was  raoordad  by  ths  instant  apaotroft  aaalyaar  (Fig,V7»0), 
Tha  ordinates  of  a  crossoorrelogran  traced  by  tha  pulaa  aigaal 
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yi€»  5*6.1.  Dlagrafflatic  Illustration  of  procsduros  for 
obtaiBlflg  the  frequency  response. 

R<  SB9fl  led  from  cerebral  auditory  area  of  a  cat  — m  the 
cux^ef  of  rhythmic  click  stimulations  with  yarioum  fre- 
quenoloa  (1,  2.1,  3.2,  4.2,  5.2,  6.2,  7.8,  10.9,  13,  16.4 
and  21.4  per  second). 

St  Crotscorrelograms  of  the  click  stimulation  and  BBO,  which 
were  computed  by  our  method  (Sato,  Honda  et  al.  1962). 
keroMW  Indicate  the  time  points  delivered  the  click. 
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r  Fig.  $-6.11.  Piagramablc  illustration  of  procedures  for 

obtaining  the  frequency  regponse. 

Tj  Power  spectre  of  the  above  crosscorrelogrttss,  which  were 
computed  by  the  electronic  computer.  Arrows  pointing  down* 
weu*d  locate  at  the  oi  iii'.ulatiag'  frequency. 

I  Hi  Frequency  responoe,  ibsclSEa  is  the  stimulating  fTe- 

I  ^Uency  and  ordinate  i?  ihA  oeai  height  at  the  stimulating 

I  frequency. 
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Vlg*  Procsdures  for  obtaining  the  frequency  response. 

At  cuxTres  of  rhythmic  flash  stimulation  and  BEG  led  from 
cerebral  visusLL  area. 

B:  croascorrelogi'ams  of  the  stimulations  auid  EBGs,  which 
were  calculated  by  our  method  (Sato,  Honda  et  al.  1962). 

C:  frequency  spectra  of  the  crosscorrelograms,  which  were 
traced  by  the  Instant  frequency  analyser  (Pig.  5-4). 

The  numbers  on  the  left  of  curves  In  A,  B  and  C  indicate 
the  stimulating  frequency  per  second. 


'  o«rrtl«%«r  ««r«  sampltd  Aigitallj  la  avarar  a  flalta  tiaa 

iftlartai  to  tom  a  tiaa  aariaat  whaa  Ita  foaar  ^^traa  vaa 

obtalaad  by  tha  alaotroalo  eoaq^utor  la  tokyo  or  by  tha  aathod 

of  daablo  baraonlc  analysis.  Tbs  poaar  apeotra  of  the  above 

crossoorrolograms  were  obtained,  therefore,  by  the  Instant 

speotrum  analyser,  by  the  electronic  computer  In  Tokyo  or  by 

double  harmonic  analysis  (Kobayashl  1953*  1955 )• 

(3)  Determination  of  the  amount  of  the  averaite  EEG  responaes. 

In  the  amplitude  spectra  and/or  the  power  spectra  of  the  above 

crosscorrelograms ,  a  pealc  located  at  the  stimulating  frequency 

appeared  to  show  the  basic  response  to  the  rhythmic  stimulation 

(Fig.  5-6, T,  Fig.  5-7, C)  and  its  height  Indicates  the  amount 

of  the  BEG  response  in  aver;ige,  that  is  to  say,  S-„(f)  In 

^ey 

(5.1'). 

( 4 )  Plotting  the  frequency  response  behavior.  Conse¬ 
quently,  taking  the  stimulating  frequency  as  abscissa  and  the 
above  peak  heights  as  ordinate  the  frequency  response  behavior 
will  be  able  to  plot  'Fig.  5-6, U). 

6.  CONCLUSIONS  DRAWN 

Not  only  experiments  on  the  roles  of  the  thalamic  non¬ 
specific  and  specific  nuclei  and  reticular  formation  upon 
the  "activity"  (frequency  response)  of  the  generators  of 
electroencephalogram  (SEG)  and  myotonogram  (MT)  were  conducted, 
but  also  physiological  significances  of  the  BEG  "activity" 
(frequency  response)  and/or  MT  "activity"  were  studied  from 
the  theoretical  point  of  view  of  random  precess  In  a  sto¬ 
chastic  servosystem. 

It  was  revealed  that  the  "activity"  (transforming  action) 
has  an  equivalent  significance  not  only  to  the  "excitability 
cycle"  ("recovery  curve"  of  the  excitability).,  but  also  to*^ 
.^®i?Bl°^rSlponae  area"  in  ths  auditory  system  auid  the  "spectral 
sensitivity  curve"  in  the  visual  system.  It  was  Inferred, 
therefore,  that  the  ainoxmt  of  the  interaction  between  the 
effects  of  two  afferent  inflows  upon  the  "activity"  in  a 
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portion  of  cerebrum,  subcortloetl  system  and  others  In  the 
central  nert'ous  system  can  be  measured  ty  the  difference  be¬ 
tween  the  average  frequency-patterns  (frequency  spectra)  of 
the  "activity”  induced  by  the  combination  of  the  two  afferent 
stimulations  and  the  summation  of  those  of  each  "activity" 
induced  by  the  two  afferents.  An  augmentative  or  facili- 
tatory  Interaction  will  be  taken  place,  when  the  former  average 
frequency-pattern  is  larger  than  the  summatione  of  the  latter 
two  average  frequency-patterns,  while  an  inhibitory  interaction 
will  be  taken  place,  in  the  instance  of  the  reverse  relation 
to  the  above.  And  no  interaction  will  be'  induced  when  no 
difference  was  observed  between  the  amount  of  the  above  two 
average  frequency-patterns. 

A  prominent  augmentative  bilateral  interaction  of  ££6 
was  newly  found  in  the  lateral  genj.culate  body  (thalamic 
specific  nucleus).  This  result  was  different  from  the  one 
revealed  by  Bishop,  Burke  et  al.  (1958)  in  the  excitability 
cycle.  As  well  as  an  augmentative  effect  in  the  interaction 
of  the  mono-  or  binocular  photic  stimulation  and  unilateral 
lateral  geniculate  stimulation,  an  inhibitory  one  was  also 
obser"ed.  It  would  be  able  to  infer,  therefore,  both  in¬ 
hibitory  and  augmentative  activities  in  the  level  of  lateral 
geniculate  body. 

By  obtaining  the  autocorrelcgrams  of  the  cerebral  Bh&s 
and  the  crosscorrelograms  of  the  stimulation  and  the  BEGs, 
the  average  responses  of  BEG  elicited  by  a  low  frequency 
midbrain  reticular  stimulation  were  conspicously  observed. 

And  those  induced  by  low  frequency  centromedian  stimulation 
were  also  the  same.  By  such  a  high  frequency  midbrain  re- 
ticiilar  stimulation,  that  evokes  electrocortical  arousal  in 
cerebral  EEGs,  EBG  response  of  photic  flicker  with  a  low 
frequency  was  inhibited  in  a  cerebraJ.  region,  while  it  was 
augmented  in  a  different  region.  Not  cnly  an  inhibitory 
but  an  augmentative  process  in  the  cerebral  cortex  would  ba, 
therefore,  capable  of  considering  during  electrocortical 
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arousal  state.  Ccnsequently,  a  new  concept  on  the  ascending 
reticular  activating  and/or  inhibitory  systems  concemipg 
the  ££0  responsee  would  be  possible  to  consider,  though  more 
precise  various  ebservations  smd  results  on  the  E£G  response 
"activities”  should  be  pile  up  to  solve  this  proM^xs. 

On  the  central  innervations,  l.e.  descending  reticular 
influences  upon  the  myotonogram  (MT)  activity,  some  evidences 
of  inhibitery  and  augmentative  effects  of  the  mldbraln  re¬ 
ticular  formation  were  observed. 

7.  IMPLICATIONS  OP  CONCLUSIONS 

S*  IPteractions  in  the  BEG  responses  to  mono-  and  bi¬ 
nocular  photic  flickering  stimulatirn. 

Many  evidences,  which  demonstrate  photic  flickering 
flash  stimulation  are  suitable  to  observe  the  human  EEC  ac¬ 
tivity,  have  been  reported  by  Sato,  Sate  et  al.,  Mimura  and 
Kitaj ima.  In  our  research  experiments,  therefore,  EEC  re¬ 
sponses  in  the  cerebral  c'itex  elicited  by  mono-  and  binocular 
stimulation  of  flickering  flashes  were  also  observed. 

Let  here  x(t)  be  the  stimulation  to  cause  the  EEI  ac¬ 
tivity  in  general  and  Wd  Xp(t)  be  the  left  monocular 

stimulation  and  the  natural  stimulation  with  respect  to  time 
"t"  respectively,  then  x(t)  be 

(7.1)  x.t)  =  x,(t)  +  ^x^(t), 

as  reported  in  the  paragraph  2  of  the  Third  Quaterly  Progress 
Report .  Ani 

(7.2)  x(t)  =  x,(t)  +  X  (t) , 

r  X 

when  the  monocular  flash  stimulation  is  delivered  to  the 
right  eye.  It  is  also  obvious  that 

(7.3)  x(t)  =  Xj,(t)  +  ]^Xi(t)  + 

when  the  binocular  stimulatien  is  delivered. 

Let  the  power  speotra  of  the  EEO  responses  due  to  the 
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■tlMlationa  axpraaaed  by  (7<b)»  (7>2)  and  (7<9)  raapaotlvaly 
by  yY^I^(f)  and  then  tha  interadtloa  batvaen 

tha  laft  and  right  monocular  stimulation  will  ba  axpraeaad  In 
tha  following 

(7.4)  Oi,(t)  -  i,Toi(f)  -  +  ,Toi(f). 

aa  raported  In  tha  Third  Quarterly  Frogreaa  Baport  (see  (2alf~l) 
in  page  6). 

When 

(7.5)  C3^j.(f)  >0, 

an  augmentative  interaction  is  revealed,  while  when  an  in¬ 
hibitory  interaction  took  place 

(7.6)  '  C3^y(f)  <  0 
and  when 

(7.7)  -  0, 

no  interaction  would  result. 

The  interactions  elicited  in  the  EEG  response  due  to  the 
left  and  right  monocular  flickering  stimulations  with  10  /sec 
frequency  were  observed,  because  these  interactions  will  be 
important  for  basic  or  control  activity  to  make  clear  the 
influences  ef  nonspecific  and  specific  thalamic  nuclei  and 
reticular  formation  upon  the  cerebral  EEG  activities.  In  the 
inkwritten  or  photographed  EEG  records  themselves,  the  EEG 
responses  were  distorted  and/or  masked  by  irregular  fluctuations, 
which  would  be  irrelevant  to  the  experimental  stimulation, 
while  in  the  autocorrelograms  of  the  EEG  recordings,  as  illus¬ 
trated  in  Fig.  7-1, A,  far  mere  regulaa*  time-pattern  were  ob¬ 
served,  since  irregular  fluctuations  were  eliminated  by  data 
processing  of  autocorrelation  analysis.  As  can  be  seen  in 
Fig.  7-1, A  and  B,  the  amount  of  EEG  responses  by  a  sans  stimu¬ 
lation  in  a  region  were  usually  not  the  same  each  othsr  in  the 
left  and  right  side. 
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7-lA>  AutooorrelograBs  of  before  and  durian 
monooular  photio  flickering  stimulation  of  10  /aeo. 

and  'r'  show  left  and  right.  F.S.,  L,  F.Zi«,  and 
O.L.  Indicate  reapectlvely  the  posterior  sigmoid  gyru8»  lateral 
gyrus t  posterior  portion  of  lateral  gyrus  and  lateral  genicu¬ 
late  body. 

Abbreviations  in  the  cat's  brain  sketch  show  the  regions • 
from  which  BliOs  were  led.  Four  autocorrelograms  from  the 
top  to  downward  in  each  region  were  obtained  from  the  EEOs 
durizxg  without  any  experimental  stimulation  (Control),  with 
the  left  monocular;  right  monocular,  and  binocular  flickering 
flash  stimulations  of  10  /sec  respectively. 


Pig.  7-lB.  Frequency  spectra  of  the  autocorrelograms  in 
Pig.  7-lA.  (See  next  page) 

Abbreviations  are  the  same  as  those  in  Pig.  7-lA.  On 
the  left  in  each  frequency  spectra  of  the  autocorrelograms 
during  leftd)  and  right (r)  monocular  stimxaations  are  illus¬ 
trated  and  at  the  frequency  of  10  /sec  the  summation  of  two 
peaks  of  the  EEG  responses  elicited  by  two  monocular  stimu¬ 
lations  is  Indicated.  On  the  right  the  spectrum  of  the  auto- 
correlogram  during  binocular  (1  +  r)  stimulation. 
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A  rlKirthBlo  o«oillatl<ma  of  tho  atlBalfttlag  froquonoy 
tho  autooorrolograoa  (Fig.  7~ltA)  and  the  peaka  looatad  at  the 
atiwolatlzxg  frequency  In  the  apectra  (Fig.  7-ltB)  will  be  able 
to  oonalder  aa  the  BBS  responses  ellolted  by  the  fliokariag 
visual  stinulatlon,  because  no  or  very  little  oeoUlatlon  with 
the  eame  frequency  was  observed  In  the  autocorrelograns  of  the 
control  BBSs  without  the  experimental  stimulation.  A  slight 
BBG  response  was  observed  in  the  posterior  sigmoid  gsrrua  (PS) 
(somato-sensory  area),  while  a  prominent  one  was  elicited  in 
the  lateral  gyrus  (L)  (visual  area).  In  the  posterior  region 
of  the  lateral  gyrus  (FL),  however,  BBO  response  was  weaker 
than  that  driven  in  the  middle  portion  of  the  lateral  gyrus. 

In  the  right  lateral  geniculate  bodr  (rOL),  BBS  response 
elicited  by  contralateral  monocular  -atimulntion  was  higher 
than  -chat  by  Ipsilateral  stimulation.  The  response  due  to 
binocular  stimulation  was  higher  than  the  summation  of  the 
response  to  contralateral  and  Ipsllateral  monocular  stimulation 
respectively. 

Consequently,  a  facilitatory  interaction  between  the 
BEG  activities  due  to  ipsi-  and  contralateral  afferent  inflows 
was  observed  in  the  laterel  geniculate  body.  Net  only  the 
response  of  10  /sec  frequency,  but  that  of  20  /sec  (the  first 
high  harmoric  frequency)  wat;  also  observed  in  the  frequency 
spectra  and  it  was  elicited  more  prominently  by  the  binocular 
stimulation  than  by  the  monocular  stimulations  to  show  a 
facllltatory  interaction.  In  several  autocorrelograms  double 
or  triple  response  time-patterns  were  observed,  in  all  of 

\ 

which  a  peak  at  20  c/sec  appeared.  It  is  to  be  noted,  there¬ 
fore,  from  this  fact  that  the  peak  in  the  high  harmonic  fre¬ 
quency  of  the  stimulating  frequency  would  be  not  always  the 
LB9  response  of  high  harmonic  frequency,  but  it  verify  the 
existence  of  the  two  or  three  different  responses  of  ths 
stimulating  frequency. 

In  the  left  posterior  sigmoid  gyri  (IPS)  ths  BBS  re¬ 
sponse  of  10  /sec  and  20  /sec  were  very  slight,  lAUe  in  ttM 


rl|^t  gyrus  (rFS)  a  very  low  peak  only  appeared  at  tlM  stiau- 
latlng  frequency  (10  /see)  by  Ipal-  or  contralateral  monoouliu* 
stimulation.  By  binocular  stimulation,  no  evidence  to  suggest 
interactions  were  observed  in  the  both  posterior  sigmoid  gyri 
(m  and  rPS). 

In  the  lateral  gyri  (L),  a  prominent  faoilltatory  inter¬ 
action  in  the  EES  response  of  10  /sec,  which  was  driven  by 
binocular  flicker  stimulation,  was  observed  in  the  right  gsrrus 
(rL)  •  whereas  in  inhibitory  interaction  was  revealed  in  the 
left  lateral  gyrus  (IL) .  Though  a  faoilltatory  and  inhibitory 
interactions  were  also  observed  in  the  posterior  region  of 
the  lateral  gyri  (FL) ,  they  were  elicited  In  the  opposite  side 
to  those  in  the  lateral  gyri  (L) ,  i.e.  they  appeared  in  the 
left  and  right  aide  respectively. 

It  would  be  verified  from  the  above  evidences  that  the 
afferent  inflows  from  ipsi-  and  contralateral  eptic  pathways 
will  converge  at  least  in  a  portion  of  the  lateral  geniculate 
body  to  evoke  facilitation  in  its  activity,  which  in  the  cere¬ 
bral  visual  area  they  will  converge  to  induce  not  only  a  fa¬ 
cilitation,  but  also  an  inhibition  of  the  cortical  activities. 
Consequently,  a  more  complicate  ^higher)  activities  will  be 
able  to  occur  in  the  cerebral  cortex  than  those  in  the  spe¬ 
cific  thalamic  nucleus.  And  the  evidence  of  faoilltatory 
interaction  in  the  lateral  geniculate  body  suggests  that  this 
nucleus  plays  not  only  a  role  of  relay  station,  but  also  acts 
as  a  modulating  center. 

Though  it  is  well  recognized  that  the  cerebral  visual 
area  of  a  cat  occupy  the  lateral  gyrus  (the  marginal  gyrus), 
which  lies  long  in  the  medial  margin  to  form  the  great  longi¬ 
tudinal  fissure  between  the  bilateral  gyri.  So  that  it  was 
necessary  to  verify  the  local  difference  in  the  SEO  response 
to  photic  visual  stimulation.  It  would  be  better  to  observe 
the  crosscorrelograms  of  the  stimulation  and  the  BBd  recordings 
and  their  amplitudes  or  power  spectra,  than  to  obsearve  the 
autocorrelograms  of  the  EEG  recordings  and  their  spectra, 


oecauoe  In  tns  iomur  lrr«j.«vftnt  aotlvitlM  will  iM  •XUiiiMi<iA 
0xoXutlT0ly,  vhll0  in  tb0  Imtter  irr0l00«it  0otiTiti00  0I&X  bt 
*1^0  lneXtt8lv0  In  avisneo. 

In  Vie*  7-2  •  orossoorrelograms  of  thn  photic  Alidior 
atiaulatlon  of  10  /soc  to  right  eye  and  the  aonopolar  BW  re- 
oordlngo  In  varloua  portions  of  the  right  lateral  gyrtts*  vhioh 
were  traced  by  the  pulse  signal  correlator)  and  their  aaipll- 
tude  spectra  obtained  by  the  Instant  spectrum  analyser  were 
Illustrated.  It  was  clearly  verified  that  the  prominent  IBO 
responses  were  Induced  in  the  posterior  half  portion  (regions 
5-7  In  Pig.  7-2)  of  the  lateral  gyrus,  while  only  feeble  or 
no  responses  were  observed  In  the  former  half  portion  (Pig*  7—2, 
regions  1-3)- 

^  ‘  In  the  posterior  portion  of  lateral  gyrus  (regions  6  and 

7  in  Pig.  7-2)  and  middle  portions  (regions  4  and  5),  in  which 
clear  responses  were  induced,  two  or  three  potentials  were 
evoked  by  one  flash  in  10  /sec  flicker  stimulation.  In  the 
region,  in  which  most  conspicuous  response  were  observed,  three 
potentials  were  clearly  recognized  in  every  instance  of  ipsi— 
and  contralatersJ.  monocular  stimulation  and  binocular  stimu¬ 
lation,  while  in  the  other  regions,  except  the  response  to  the 
ipallateral  stimulation  in  the  region  '5  and  4,  the  aeeon^^he 
third  potentials  were  fused  to  one  wave  form. 

The  response  time-patterns  ( crosacorrelograms)  elicited 

f 

\  by  binoculenr  stimulation  were  more  prominent  than  those  by 

contra-  and  ipallateral  monocular  stimulation.  These  seemed 
to  be  secured  an  augmentative  interaction. 

In  the  frequency  spectra  of  these  crosacorrelograms,  how¬ 
ever,  the  peak  height  stimulating  frequency 

(f  B  10  /sec)  in  the  region  and  6,  which  was  elicited  by 
binocular  stimulation,  was  lower  than  the  summation  ef  those 
elicited  by  the  afferent  inflows  via  crossed  end  uneroeaed 
monocular  optic  pathways  respectively,  i.e. 

^  (7.6)  .  ,ri(Y,) 
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Pig.  1-2,  Ci*os3correlograms  of  photic  flickering  stimu¬ 
lation  and  EEGs  in  various  portions  of  lateral  gyrus  and 
their  frequency  '.spectra. 

Upper:  Crosscorrelograms  computed  by  the  pulse  signal 
correlator.  T>;o  marks  are  beneath  the  lowest  correlograma , 
by  which  the  two  locations  of  flash  stimulus  repeated  by 
10  /sec  flicker  are  indicated. 

Lower:  Frequency  spectra  drawn  by  the  instsuit  frequency 
analyser. 

1-EYE,  r-EYE  and  1  r-BYB3  show  respectively  left  and 
right  monocular,  and  binocular  stimuJ.ations. 
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iiN^  refpectlvely  thf  pe«k 

^ue«4  right  aonooular  stlmvilatloD  and  it  th# 

frtqutaoy  of  tho  osporlaontiil  atlsmlatlon.  Conoo^umtly,  an 
Inhibitory  Interaotlon  would  be  hidden  in  the  orosacorrelograna 
In  the  oerebral  visual  area  and  it  will  be  difficult  to  evaluate 
from  the  crosaoorrelograms  themselves. 

In  the  posterior  latereil  gyrus  (region  7),  however,  the 
peak  height  of  the  response  due  to  binocular  stimulation  was 
the  same  as  the  summation  of  those  due  to  contra-  and  Ipsi- 
lateral  monocular  stimulation  respectively,  l.e. 


(7.9) 


No  interaction  was  obser'/ed,  therefore,  in  the  posterior 
lateral  gyrus.  In  the  first  high  harmonic  response  with  the 
frequency  of  20  /sec  ia  the  region  7,  6  and  5  no  interaction 
was  also  observed,  since  the  above  relation  (7.9)  was  verified 
in  these  regions.  On  the  region  4,  however,  inhibitory  inter¬ 
action  was  revealed  in  the  narmonic  response. 

In  all  frequency  spectra  obtained  from  those  crosseorrelo- 
grams.  In  which  double  or  tripplc  responses  to  one  flash  stimu¬ 
lus  were  observed,  a  peaik  at  the  first  high  harmonic  frequency 
(20c/sec)  appeared  except  in  the  spectrum  of  the  response 
driven  by  right  monoc\ilar  stimulation  in  the  region  5.  This 
evidence  made  sure  of  the  already  noted  speculation  in  the 
above  that  the  peak  at  high  haj^monic  frequency  of  the  stimu¬ 
lating  frequency  will  indicate  double  and/or  tripple  response 
to  one  stimulus  in  the  rhythmic  stimulation. 


and  specific  thalamic  afferent  signals.  Interactions  in  the 
SEO  responses  driven  respectively  by  right  monoculao*  photic 
flickering  stimulation  and  rhythmic  elv;ctric  shock  to  the 
right  lateral  geniculate  body  in  the  bilateral  posterior  sigmoid 
gyrl  (PS) ,  lateral  gyri  (L) ,  posterior  lateral  gyri  (PL)  and 
left  lateral  geniculate  body  (lOL)  were  observed  (Fig.  7-3fA 
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^  y  ^  m  f  /Mt. 

us  timpmnm  •lio$t«$  y  ri^  mmeiamr  ia 

th#  btiatvral  poattrler  gjrrl  (IPS,  rPS)  ««r«  littia 

(fiff.  7-9  A,  B),  Nblla  by  tb«  atiaulfttloB  to  rl|^t  lataral 
gaaloulata  body  tha  raaponaaa  wara  Induoad  in  the  Ipallataral 
syrua.  In  tha  otbar  Ipallataral  gjrri  (rL  and  rBL)  alao  ob> 
aarva  tha  raaponaaa*  Phla  reaponae  waa  raaarkable  in  tha 
right  poatarlor  lataral  gyrua  (rPL).  A  peak  of  the  flrat 
high  hamonio  raaponaea  of  16  /aec  alao  appeared  In  the  power 
apectra  (Pig.  7-3,  B)  of  the  ipailateral  gyri  to  auggeat  two 
potentlala  due  to  one  electric  ahock  (Pig.  7-3,  B  rPL),  aa 
already  pointed  out.  On  the  other  hand,  no  reaponae  waa 
elicited  In  the  left  lateral  geniculate  body  (lOL).  The  re¬ 
aponae  due  to  right  lateral  geniculate  atimulatlon  in  the 
bilateral  lateral  gyrl  (iL,  rL)  were  alighter  than  thoae  in 
the  poaterior  lateral  gyri. 

The  firat  high  harmonic  reaponsea  due  to  right  monocular 
flickering  stimulation  were  yeilded  more  remarkably  in  the 
spectra  at  the  frequency  of  16  /sec  than  the  reaponsea  at  the 
basic  frequency  (8  /sec).  In  the  corresponded  autocorrelo- 
grama  (Pig.  7-3,  A),  however,  the  moat  prcuiinent  reapcmses 
were  observed  at  every  1/6  sec  and  lower  one  or  two  reaponsea 
intervened  between  two  adjacent  basic  responses  to  form  re¬ 
spectively  double  or  trlpple  reaponae  of  the  stimulating  fre¬ 
quency  already  noted  in  the  former  section  (Pig.  7-1  and  2)^ 

The  most  enhanced  BifO  responses  due  to  the  monocular  stimu¬ 
lation  were  observed  in  the  contralateral  (left)  lateral  gyrus 
(IL),  the  next  was  in  the  Ipailateral  (right)  lateral  gyrus  (rL). 
No  responses  were  elicited  in  the  bilateral  posterior  lateral 
gyrl  (IPL,  rPL)  and  in  the  left  posterior  lateral  gyrus,  while 
la  the  left  lateral  geniculate  body  a  slight  response  was  ia- 
duoed, 

In  the  autooorrelograms  (Pig.  7-3,  A),  the  average  re¬ 
sponse  time-pattern  due  to  the  oomblned  stimulation  of  the 
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11«.  7-  5A.  iutooorrcil&gx  oi  jSSGa  uurlng  aoaocular  •nft 
Ifttaval  ftnioulate  otlnr  ’-n cur)  af  o  per  eeo.  (Sea  nnck  fif*) 


ne,  7-3A.  Autocorrelograms  of  eUtdai  during  monoouiar  ana 
lattral  geniculate  stlmulatlone  of  8  per  sec, 

Abbreviations  see  Fig.  7-2A.  In  eaoh  regions,  four 
autooorrelograms  of  £E8s  during  no  experimental  stimulation 
(left  upper,  control),  right  monocular  flash  (right  upper), 
right  lateral  geniculate  electrical  stimulation  with  2  volts 
10  ms  (lower  left,  r-GL)  and  the  synchronous  combination  of 
the  two  stimulation  (rOL  +  Flash,  lower  right)  are  Illustrated. 


Fig.  7-3B.  Frequency  spectra  of  the  autocorrelograms  in  Fig. 
7-3A.  (See.  next  page) 

Abbreviations  see  Pig.  7-2B.  On  the  left  in  each 
regions  the  spectrum  during  right  geniculate  stimulation 
(  (rGL)  )  is  painted  black,  while  that  of  during  right 
monocular  stimulation  (  (r  Eye)  )  is  summated  in  white  on 
the  black-painted  speotrum.  On  the  right  the  spectrum 
during  the  combined  stimulation  (r  Eye  +  rOL)  in  white  is 
summated  on  that  of  the  control  without  no  stimulation, 
which  is  Indicated  by  dotted  area.  Arrow  pointing  downward 
is  the  location  of  the  stimulating  frequency  of  8  e/sec.' 
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9t0i$  jMptwillff  tmd  tiM  vl4bi 

XtAiMl  ftalouXfttf  l»o4y  vm  sort  promlamt  in  the  bllnternl 
posterior  slgMld  gyrl  (1?3»  rP8)«  right  lateral  gprua  <rL), 
right  poaterior  lateral  gyrus  (rPL)  and  left  lateral  geniculate 
body  than  each  or  one  of  the  avarage  response  time^pattems 
elicited  by  the  stiaulatlon  to  monoouleu'  and  to  the  geniculate 
body  respectively,  while  lesser  in  the  left  lateral  gyrus  (IL) 
and  left  posterior  lateral  gyrus  (IPL).  Consequently  a  fa- 
cilitatory  interaction  in  the  former  and  an  inhibitory  inter¬ 
action  were  suggested. 

It  was  observed  in  the  power  spectra  (Pig.  7-3,  B)  that 
in  the  contralateral  (left)  lateral  gyrus  (IL),  posterior 
lateral  gyrus  (IFL)  and  lateral  geniculate  body  (IGL) ,  the 
summation  of  the  EBG  response  of  8  c/sec  due  to  right  monocu¬ 
lar  stimulation  and  that  due  to  right  lateral  geniculate 
stimulation  was  higher  in  peak  height  as  that  due  to  the 
synchronously  combined  one  of  these  two  stimulations.  The 
above  smnmation  of  the  peak  at  the  first  high  harmonic  EEG 
response  of  16  sec  was  also  higher  than  that  due  to  the 
combined  stimulation  in  the  left  lateral  (IL)  and  posterior 
lateral  gyrl,  while  lower  in  the  left  lateral  geniculate  body 
(iGL).  So  that  an  inhibitory  and  facilitatory  interactions 
of  the  high  harmonic  responses  were  observed  respectively  in 
the  contralateral  visual  areas  (lateral  and  posterior  lateral 
gyri)  (IL,  IFL)  and  in  the  contralateral  lateral  geniculate 
body  (IGL). 

In  the  Ipsllateral  (right)  cerebral  heminsphere  (right 
posterior  sigmoid,  rFS,  lateral.,  rL,  and  posterior  portion  of 
lateral  gyri,  rFL),  the  summation  of  the  above  BEG  responses 
of  8  c/sec  was  lower  than  the  response  due  to  the  combined 
stimulation.  This  difference  was  the  most  remarkable  in  the 
right  posterior  lateral  gyrua  (rFL),  while  reverse  evidences 
concerning  the  response  of  high  harmonic  frequency  (18  o/seo) 
were  observed  in  the  posterior  sigmoid  gyrus  and  in  the  pos- 


iMAmmX  0t9m*  Ibk  tiM  «!*«••  ItmPKVtv* 

ft.  Milt  vtlftlieik  w«t  obfttiHrtA*  in  fftoil.itfttflgrf  .aiii  iiAMiillHMKr 
lirlMMuBtiona  tluir«for«,  la  tlM  ipftHfttftpftX 

MHMtefttiinoly  (rPS)  and  tIsvmI  areas  (rtt  rH). 

ooabining  tbs  stlmulaliloa  to  tbs  right  Xattral  gs- 
ttloolato  body  with  tbs  binocular  3tiaulatton»  tbsrefore*  ttis 
responses  in  the  bilateral  posterior  sigmoid  gyrl  (UPS»  r?S)» 
bilateral  lateral  gyri  (IL,  rL)  were  enhanced,  while  in  tbs 
bilateral  posterior  lateral  gyrl  and  left  lateral  genioolats 
body  inhibitory  changes  were  observed. 

In  comparing  the  autocozrelograms  of  the  EBO  recordings 
during  the  monocular  C?ig.  1-3,  A)  with  those  during  the 
binocular  stimulation  (I'ig.  7-3,  C),  it  was  observed  that  a 
more  prominent  responses  were  elicited  in  all  regions  by 
binocular  stimulation  tlian  the  responses  due  to  the  monocular 
stimulation. 

In  the  power  spectra  (i^ig.  7-3,  D) ,  a  higher  peak  to 
reveal  a  facilitatory  interaction  under  the  combined  stimu¬ 
lation  was  clearly  observed  at  the  stimulating  frequency  in 
the  both  of  the  posterior  sigmoid  gyrl  (IPS,  rPS),  while  the 
peak  at  the  first  high  harmonica  (16  o/sec)  were  lower  during 
the  combined  stimulation  to  reveal  an  inhibitory  interact  ion* 
In  the  lateral  gyri  (iX,  rL) ,  a  reverse  evidences  were  ob¬ 
served.  In  the  posterior  lateral  gyrl  (IPL,  rPL),  all  the 
peaks  at  the  stimulating  frequency  and  the  first  and  tha 
second  high  harmonic  frequencies  were  lower  in  the  instance 
of  the  combined  stimulation.  In  the  left  lateral  genicu¬ 
late  body  (ISL),  however,  enhanced  peak  during  the  ooftliiaed 
atlmulatlon  was  observed  at  the  stimulating  and  the  aeemid 
high  hazmonic  frequency,  while  slightly  lowered  peak  ^^aartd 
at  the  first  high  harmonic  frequency. 

inflows.  Some  observations  were  performed  on  tha  BBO  ac¬ 
tivities  elicited  by  monocular  flicker  stimulatiw  al(ma 
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Fig.  7-3C.  Autocorrelograma  of  BSOs  during  rbythmic  bi»>o«l»r 
and  right  lateral  geniculate  stimulation  with  8  par  sac. 

Abbreviations  see  Pig.  7-3A. 


fig.  7-3D.  Prequency  spectra  of  the  autocorrelograas  In  fig, 
7-3C. 


t 


Abbreviations  see  Pig.  7-3B. 
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•Bd  •jBohronottsly  coablned  stioulatlon  ot  tM.a  and 

rbjthmlo  aleotrlo  ebook  to  tht  Ipallateral  main  pad  of  una> 
nastbetlaad  and  Immobilized  cats.  Prequenoy  reeponae  bebavlora 
of  BB&s  in  bilateral  lateral  gyrl  (l.  Lat  and  r.  Lat)  posterior 
sigmoid  gyrl  (l.  post,  sigmcld.),  left  nucleus  centrum  medlanum 
and  right  lateral  geniculate  body  were  suarveyed  with  the  fre¬ 
quencies  ranging  from  3  to  11  per  sec  in  about  2  c/sec  steps. 

It  was  very  often  observed  as  can  be  seen  in  Pig.  7-4  that  in 
spite  ef  BEG  responses  were  difficult  to  evaluate  from  the  EBO 
tracing  themselves,  their  autocorrelogrems  revealed  some  quali¬ 
tative  properties  of  the  average  time-patterns  of  the  responses. 
In  addition,  the  frequency  spectra  of  the  autocorrelograms 
(  •  obtained  by  the  instant  spectrum  analyser  verified  the  fre¬ 

quency-patterns  of  the  a’^'erage  responses  not  only  qualita¬ 
tively  but  also  quantitatively. 

In  an  unanesthetized  and  immobilized  state  an  irregular 
pattern  of  oscillacion.s  was  ^  ften  observed  in  the  EEG  records 
themselves-  In  thui-r  autocorrelograms,  however,  no  prominent 
oscillation  was  visualized,  while  in  their  amplitude  spectra 
(power  spectra  of  the  EEG  records)  some  low  peaks  to  suggest 
intrinsic  BEG  activities  were  observed  in  the  frequency  raxige 
of  human  delta  (0.5-3. 5  c/sec),  theta  (4-7.5  c/sec)  and  alpha 
(8-13  c/sec)  waves  (Eig..  7-4  control). 

As  there  are  often  observed  irregular  back  ground  BEG 
activities  in  the  EEG  recordings  before  the  Initiation  of  the 
experimental,  stimulation  (Pig.  7-5,  6,  7,  8  and  9;  A)  and 
during  the  delivery  of  the  experimental  stimxilation  the  BEG 
responses  will  be  distorted  sind/or  masked  by  them.  faking 
the  crosscorrelogram  of  the  stimulation  and  the  EEG  recording, 
the  response  S'nly  will  be  i.btained,  because  Irregular  back 
ground  oscillations  irrelevant  to  the  stimulation  will  be 
cancell.ed  (Pig.  7-5,  6,  7,  8  and  9;  B). 

♦  d.  Effects  of  the  stimulation  of  the  midbrain  ratlcular 

formation. 
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Pig*  7-4.  E5G  response  elicited  by  rhythmic  binocular  and 
cuteuieous  stimulation  with  8  per  sec. 

I.  Left!  BEG  curves  in  the  right  lateral  gyrus  and  the  signals 

of  the  stimulation. 

Right!  Autocorrelograms  of  the  corresponding  BEG  curves  on 
the  left. 

II.  Frequency  spectra  of  the  corresponding  autocorrelograms 
on  the  left. 

From  the  top  to  down  the  recordings  during  the  control  without 
experimental  atlmulationi  binocular  flickering  stimulation  and 
the  combined  one  of  these  two  are  illustrated. 
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Fig.  7-5.  An  exEimple  of  BCG  recording  showing  au^Bentstiwe 
and  depressive  BEG  responses  by  cutaneous  stioulatlon  in  the 
left  lateral  gyrus. 

A:  BEG  recordings  In  the  state  of  no  experimental  stiaiulatloa 
B:  Simultaneous  recordings  of  signal  of  the  stimulation  and 
EEG.  C:  Cross correlograms  of  the  stimulation  and  the  BBO. 
Arrows  pointing  upward  show  signals  of  the  stimulation.  Dt 
frequency  spectra  of  the  crosscorrelograms. 

I  and  III  Photic  flicker  stimulation  only  (?)  and  the  cornhi^. 
nation  of  the  photic  and  cutaneous  stimulations  (P  S). 
Stimulating  frequency  was  5  c/sec. 

Ill  and  17:  Quite  the  same  as  I  and  II  respectively.  Stimu¬ 
lating  frequency  was  10  c/sec. 
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yi«*  7-7.  An  •nample  of  SSG  curves  and  EEO  responses  in  the 
left  posterior  sigmoid  gyrus  of  a  cat. 

Abbreviations  see  Pig.  7-5. 
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Flg>  7-8.  An  example  of  SBO  curves  and  E£0  responses  in  the 
right  posterior  sigmoid  gyxnis  of  a  cat. 

Abbreviations  se'3  Pig.  7--5. 
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Fig.  7-9 •  An  exaaple  of  EEG  curvee  and  EEO  responses  In  the 
right  lateral  geniculate  body  (I,  II)  and  left  nucleus  centrum 
medianuffl  (III,  IV)  of  a  cat. 


Abbreviation  see  Pig.  7-5. 


7-  10.  Frequency  response  elicited  by  binooulsr  fliokering 
flwb  stlDulatlon  and  rhythfflj.c  electric  shock  to  right  main  pad 
ot  a  eat. 


full  llnet  Frequency  response  by  binocular  stimulation  only. 
Dotted  line:  Frequency  response  by  the  combined  stimulation 
of  the  binocular  and  cutaneous  stimulation. 

Upper  left  and  right t  Left  and  right  posterior  sigmoid  gyri. 
Middle  left  and  right t  Left  and  right  lateral  gyri. 

Lower  left  and  right >  Left  nucleus  centrum  medlanum  and  rXifikt 

lateral  geniculate  body. 
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(1)  Hlfit  atHml^tlan.  It  hM  bMft  wtiU  f- 

eoinlttd  that  a  high  frequenoy  alaotrlo  shook  stimlattoa  to 
tho  brain  atom  reticular  fproation  leads  to  a  dlnlnutlon  or 
abolishment  of  the  basic  ££0  potentials  and  in  place  of  than 
low  voltage  fast  oscillations  are  induced. 

As  can  be  seen  in  Fig.  7-11 »  high  frequency  stimulation 
(200  /sec»  1.5  Volt  strength,  0.1  msec  duration)  to  the  uni¬ 
lateral  midbrain  reticular  formation,  by  which  low  voltage 
fast  activities  were  observed  in  the  bilateral  lateral  gyri, 
yielded  an  inhibition  of  the  photlcally  induced  £E0  responses 
of  low  frequency  in  the  ipsilateral  lateral  gyrus,  whereas  an 
augmentation  of  the  £E0  responses  in  the  contralateral  lateral 
gyrus. 

In  Fig.  7-12, £,  some  changes  in  the  autocorrelograms  of 
ESO  records  caused  by  high  frequency  unilateral  reticular 
stimulation  are  illustrated.  In  the  left  and  right  posterior 
lateral  gyri  (11  and  rl)  and  right  lateral  geniculate  body 
(rOL),  not  only  enhancement  of  the  slow  oscillation  in  the 
autocorrelograms  before  delivery  of  the  stimulation  in  some 
instances  (Fig.  7-12, E,  3.L-B,  rl-B,  rOI-A),  but  also  dimi¬ 
nution  of  the  oscillation  was  also  observed  by  the  reticular 
stimulation  (IL-A,  rl-A,  rGL-B).  In  the  latter,  low  and 
fast  oscillations  were  superimposed  in  the  diminished  slow 
wave  forms.  In  the  amplitude  spectra  of  the  autocorrelograms 
these  evidences  were  also  indicated  in  the  change  of  peak 
heights.  In  the  left  lateral  gyrus  (IL),  the  peaks  located 
at  about  1.5,  4  and  7.5  c/sec  in  the  spectrum  of  the  auto- 
correlogram  'A-left'  without  the  reticular  stimvilatlon  (Fig. 
7-12, E,  right  II, a)  were  lowered  in  their  heights  in  the 
spectra  of  the  autocorrelogram  'A-left'  during  delivery  of 
the  reticular  stimulation  (Fig.  7-12, £,  right  11,  A),  while 
a  peak  at  the  frequency  of  25  c/sec  was  enhanced  in  the  latter 
spectrum,  by  which  the  above  noted  superimposition  of  the 
low  and  fast  oscillations  were  verified.  In  the  spectra 
(Fig.  7-"12|E9  right 9  b  and  B)  of  the  autocorrelograu  B  In 
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fig.  7*11^  in  inhibitory  and  augnentativa  effect  of  high 
frequency  stimulation  to  the  midbrain  reticular  formation 
upon  the  EBO  response. 

EBO  curves  on  the  left  and  right  are  led  respectively 
from  the  left  (l.Lat.O)  and  right  lateral  gyri  (r.lat.6). 
F:  Photic  flicker  monocular  stimulation  of  7  per  sec  to 
right  eye. 

HFt  Rhythmic  electric  shock  200  per  sec  1.5  volt,  0.1  msec 
to  the  left  midbrain  reticular  formation. 

F  RFt  The  combined  stimulation  of  the  above  two. 

Arrows  in  the  middle  and  lowest  curve  indicate  the  initi¬ 
ation  of  the  high  frequency  reticular  stimulation. 


¥lg.  7-12B.  Bffeoft  of  high  freqtt«ao7  retloular  stlaulqilon. 

Left  -  Autocorrelograaaa  of  BEGa  In  the  bilateral  posterior 
portion  of  the  lateral  gyrl  (l-L  and  r-L)  (top  and  lnter> 
mediate  pairs)  and  right  lateral  geniculate  body  (r^OL)  (the 
lowest  pair).  In  each  region,  uppermost  two  autooorrelo~ 
grams  (A)  were  computed  from  EEGs  before  delivery  of  many 
rhythmic  stimulations  for  obtaining  the  frequency  response 
behavior  and  lower  two  autocorrelograms  (B)  were  derived  from 
EEOs  after  repeating  many  rhythmic  stimulations. 

Left  autocorrelograms  In  A  and  B:  The  controls  without  re¬ 
ticular  stimulation. 

Right  autocorrelograms  In  A  and  B:  Electric  shock  of  200  /sec 
(2  V,  0.1  ms.),  to  the  left  midbrain  reticular  formation. 

Abbreviations  In  bilateral  lateral  gyrl  (IL  and  rL). 

Right:  Frequency  spectra  derived  from  the  autocorrelograms 
on  the  left. 

a  and  bi  Control  without  the  reticular  stimulation. 

A  and  Bi  High  frequency  stimulation  te  the  left  midbrain 
reticular  formation. 

a,  b,  A  and  B  are  correspondingly  obtained  respectively  from 
autocorrelograms  illustrated  in  A-left,  B-left,  A-right  and 
B-right . 

C:  Summation  of  the  spectrum  A  and  B. 

Abbreviations  in  the  right  lateral  geniculate  body  (-01) . 
Upper  spectra  in  A  and  B  were  computed  from  the  autocorrelo¬ 
grams  on  A-left  and  B-left  respectively,  i.e.  the  control. 

Lower  spectra  in  A  and  B  were  obtained  from  the  auto¬ 
correlograms  on  A-rlght  and  B-right  respectively,  i.e.  high 
frequency  stimulation  to  tho  left  midbrain  reticular  formation. 


?ig.  7-12F.  Influence  of  high  frequency  reticular  stlnu- 
lation  upon  the  frequency  response  of  BEG. 

IL  and  rL;  posterior  portion  of  the  left  euid  right  lateral 
gyri  respectively. 
tGLj  right  lateral  geniculate  body. 

In  each  regions,  four  curves  are  illustrated.  The  upper  lefb 
one  (rP)  is  the  frequency  response  elicited  by  right  monocular 
photic  flicker  stimulation.  The  upper  right  one  ^^IRe)  is 
derived  from  the  frequency  spectrum  C  in  Pig.  7-12E,  The  ordi¬ 
nates  were  taken  as  half  those  in  C,  i.e.  the  average  height 
of  the  two  spectra.  The  lower  left  one  (rP)  +  (iRe)  is  the 
summation  of  the  above  two  curves,  (rP)  and  (IRe).  "he  lower 
right  one,  (i-P  +  IRe),  is  the  frequency  response  elicited  by 
the  combined  stimulation. 
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ttM  l«ft  lateral  gyrus  (IL)  reverse  changes  In  the  peak 
heii^ts  in  the  frequency  range  of  lower  than  5  e/s  vers  oh> 
served  by  the  reticular  stimulation,  while  ho  peak  at  about 
25  e/see  was  enhanced.  Quite  a  similar  results  were  observed 
in  the  right  lateral  gyrus  (Pig.  7-12, E,  rl). 

In  the  spectrum  of  the  right  lateral  geniculate  body,  an 
enhancement  of  the  peak  height  of  about  1.5  c/seo  was  observed 
in  A  (Fig.  7-12, E,  r>OL  A).  Corresponding  to  the  fact  that 
a  decrement  of  the  oscillation  In  the  autocorrelograa  B  of 
lateral  geniculate  body  was  observed  by  the  retlculeo*  stimu- 
latlon,  not  only  peaks  located  at  about  1.5  and  4  c/sec  were 
lowered  In  Its  spectrum  (r-GL,  B)  by  the  reticular  stimulation, 
but  peaks  at  high  frequency  range  were  also  decreased  In  their 
heights.  In  Pig.  7-12, F,  the  frequency  response  patterns 
evoked  by  right  monocular  photic  flickering  stimulation  only 
and  by  the  combination  of  this  stimulation  and  high  frequency 
stimulation  (200  /sec,  2  volts,  0.1  ms)  to  the  left  mldbraln 
reticular  formation  in  the  bilateral  posterior  portions  of 
the  lateral  gyri  (11  and  rl)  and  right  lateral  geniculate  body 
are  illustrated.  On  the  frequency  response  due  to  the  com¬ 
bined  stimulation  in  the  right  posterior  portion  of  lateral 
gyrus  (rL)  a  higher  peak  was  observed  than  the  svunmated  one 
of  the  frequency  response  elicited  by  the  photic  stimulation 
oiily  and  the  frequency  spectrum  during  the  high  frequency 
reticular  stimulation. 

In  the  left  posterior  portion  of  lateral  gyrus  (11)  and 
right  lateral  geniculate  body  (r-OL),  however,  the  peaks  in 
the  former  were  lower  than  those  in  the  latter.  Consequently, 
an  augmentative  effect  of  the  unilateral  reticular  stimulation 
was  observed  in  the  contralateral  posterior  portions  of  later¬ 
al  gyrus,  while  an  inhibitory  effect  was  observed  in  the  ipsi- 
lateral  posterior  portion  of  lateral  gyrus  and  contralateral 
lateral  geniculate  body. 

More  experimental  data  would  be  necessary  to  make  clear 
the  influence  of  high  frequency  reticular  stimulation  upon 
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th«  2BQ  activities  In  the  cerebral  cortex.  ^  t|M  next  fIlUL 
SIpOlf  Bore  precise  experlBental  data  and  tbelr  pbgrsleleclcal 
significances  will  be  repcrted. 

(2)  Low  frequency  atlniulatlon.  By  a  low  frequency  stimu¬ 
lation  to  the  unilateral  midbrain  reticular  fur^l^Hi?  7-13«ii7), 
BBG  responses  of  the  stimulating  frequency  were  obsezved  in  the 
bilateral  lateral  gyri,  wherein  the  induced  response  were  more 
remarkable  in  the  ipsilateral  gyrus  than  that  in  the  contra¬ 
lateral  gyrus.  Even  when  the  double  or  trlpple  EEG  responses 
were  driven  by  one  flash  stimulus  in  the  low  frequency  photic 
flickering  series,  the  response  induced  by  the  low  frequency 
stimulation  to  the  midbrain  reticular  stimxlLatlon  was  sinusoldaQ. 
in  its  wave  form  (Pig.  7-13). 

By  synchronous  combination  of  the  reticular  and  flickering 
stimulations,  the  second  and  third  responses  in  the  above  double 
and  tripple  response  were  augmented  respectively.  Although 
the  response  amplitude  elicited  by  the  combined  stimulation  is 
higher  than  each  response  due  to  photic  or  reticular  stimu¬ 
lation  only,  the  former  was  lower  than  the  summation  of  the 
latter  two  in  the  left  lateral  gyrus  except  in  the  instance 
of  1  c/sec  stimulation  (Pia*  7-14,  1*  lat.  G,  Pig.  7-15,  IL). 

In  the  right  lateral  gyrus  (Pig.  7-15,  rL) ,  however  the  former 
response  was  higher  when  the  stimulating  frequency  was  lower 
than  7  c/sec  and  higher  than  15  c/sec. 

e.  Reticular  influences  upon  the  mvotonographic  (Ml)  and 
BEG  activities.  High  frequency  stimulation  to  the  mldbrain 
reticular  formation  caused  inhibition  and  augmentation  of  the 
myotonograms.  As  can  be  seen  in  Pig.  7-16A,  very  slight  en¬ 
hancement  of  myotonograms  (r-HT  and  l-HT)  led  from  bilateral 
latersd  'thighs  was  observed  by  the  stimulation  of  strength  of 
1  volt  and  0.1  ms  duration  with  the  frequency  of  100  /sec  to 
the  left  mldbrain  reticular  formation,  wherein  BSGs  in  the 
ipsilateral  posterior  sigmoid  (1-FS)  and  lateral  gyri  (l-L) 
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fig.  7-13>  S50  response  elicited  by  low  frequency  reticular 

stimulation  in  the  lateral  gyrl. 

fi  right  monocular  photic  flickering  stimulation. 

Rf>  rhythmic  electric  shock  to  the  left  unilateral  mid brain 
reticular  formation. 

F  •«■  RF:  synchronously  combined  stimulation  of  the  above  two. 
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Pig,  7-14.  Frequency  spectra  of  the  autocorrelograos  in 
Fig.  7-13. 

Abbreviations  are  the  same  as  those  in  Fig.  7-13* 


Pig.  7>15i>  Influences  of  stimulation  to  the  midbrain  re- 
(  ticular  formation  upon  the  frequency  response  in  the  cere¬ 

bral  cortex. 

(rP) i  Frequency  response  elicited  by  right  monocular  flash 
stimulation, 

(IRP) t  Frequency  response  evoked  by  the  rhythmic  electric 

shock  stimulation  to  the  midbrain  reticular  formation. 
(IRF  +  rF) !  Frequency  response  induced  by  the  synchronous 
combination  of  the  above  two  stimulations. 

(ifiF)  +  (rP):  Summation  of  the  two  frequency  responses  (rP) 
and  (IRP). 
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Pig.  7-16A.  Effect  of  high  frequency  stimulation  to  the 
midbrain  reticular  formation  upon  the  myotonograma  (MTs)  and 
EEGs.  (See  next  page) 
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fl«>  7-llA.  Ifftet  of  liifh  frffiMMjr  •tisMl«tio9  to  tho 
nldbrain  rotloulor,  fornatlpn-upi!^  Mrotepogr^  (Mfo)  and 
BBOs* 

MTs  were  led  from  the  surface  of  bilateral  thigh 
r  and  It  right  amd  left. 

GL:  lateral  geniculate  body. 

CM:  nuclexis  centrum  medianum  (centre  mbdlan) . 

Li  lateral  gyrus  (visual  area) 

PS  posterior  sigmoid  gyrus  (somatosensory  area). 

Arrovi  pointing  down  (ON)i  Initiation  of  high  frequency 
rhythmic  electric  shocks  (300  /sec  0.1  msec)  to  the  left 
midbrain  reticular  formation. 

Arrow  pointing  upward  (OFF);  Cessation  of  the  reticular 
stimulation. 

Upper  curves:  1  volt  stimulation. 

Lower  curves:  2  volts  stimulation. 
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Pig,^"l6B.  Inhibitory  effect  of  the  high  frequency  reticular 
atimulation  upon  the  MTs. 

Abbreviations  see  Pig.  7-16A.  Stimulation  was  200  /sec. 
2  volts 9  0.1  msec* 


were  also  induced  alov  fluetuatione.  When  ite  ntrMmth  ef 
hlfh  freqmenqy  unilfvtare.l  retiruli.r  atiqiulatlon  vaa  Bade 

htrttmer  he  2  Tdlte,  hawerert  n  reeerih  eheplie  is  fhe  hUateral 
hj^ehifMiiBfraae  wae  obvioualy  observed  and  IIAb  were  aupMnted 
awl  oalf  la  the  IpslletMral  posterior  eidaold  (1-78)  and  lateral 
Crrt  (laliU  but  also  enhanoed  in  the  oontralateral  lateral 
Syroe  (r»Ii).  In  addition,  BEG  oacillatione  in  the  ipellateral 
nuoleue  centrum  medlanum  (l-CM)  3nd  in  the  contralateral  later¬ 
al  geniculate  body  (r-GL)  were  also  augmented.  As  illustrated 
in  Fig,  7-16B,  increased  the  stimulating  frequency  to  200  o/eec, 
the  inhibitory  effect  upon  the  bilateral  myotonograma  (r-MT, 
1-MT)  became  more  prominent  and  a  rebound  phenomenon  was  ob¬ 
served  after  cessation  of  the  stimulation.  The  augmentative 
influences  upon  the  BEGs  in  t'le  ipsilateral  posterior  sigmoid 
gyrus  (1-PS),  and  nucleus  centrum  rnedianum  (1-CM) ,  bilateral 
lateral  gyri  (l-L,  r-L)  were  also  grown  up.  In  addition  the 
potentials  seen  before  the  initiation  of  the  stimulation  in 
the  contralateral  lateral  geniculate  body  (r-GL)  were  observed 
in  an  opposite  direotion  during  the  stimulation. 

The  augmentation  of  slow  BEG  potentieds  due  to  high  fre¬ 
quency  reticular  stimulation  would  be  accounted  for  lowered 
activity  in  the  cerebral  cortex  and/or  caused  by  the  nembutal 
anesthesia  in  the  cortico- thalamic  and  thalamo-cortical  re¬ 
verberating  circuits.  In  an  Immobilized  cat  by  administration 
of  flaxedil,  as  can  be  seen  in  Pig.  7-17,  high  frequency  stimu¬ 
lation  to  the  left  midbrain  reticular  iv.rmation  lead  to  an  en¬ 
hancement  of  bilateral  myotonograma  accompanying  low  voltage 
fast  EEGs  in  the  bilateral  lateral  and  posterior  sigmoid  gyri, 
while  slow  activity  of  about'  3  c/sec  was  observed  in  the  right 
lateral  genicvilate  and  left  nucleus  centrum  rnedianum. 

From  the  above  evidences  augmentative  and  inhibitory 
influences  of  the  Bidbrain  reticular  formation  upon  the  Byo- 
tonic  activities  would  be  verified.  In  the  following  experi- 
Btnts  and  data  processings  in  the  extended  contract  thBBO 
oontral  influences  upon  the  frequency  response  of  BpotonegraiM 
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Fig.  7-17.  Augmentative  effect  of  high  frequency  reticular 
stimulation  upon  MTg. 

Abbreviations  see  Fig.  17-16, 
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idll  ^  more  precisely  ar>..lyeed» 


Ilf  ■4..ir.>>  I' ' 


^pt<mi.iiidlaaM«)  ttoon  the  EBG  actlvltlee.  It  was  revealed 
hf  th*  Mtbod  of  evoked  potential  (recruiting  response)  that 
iiOBS!P*di^o  thalaalc  nuclei  belong  to  ths  diffuse  projection 
sifstSB  and  they  send  .afferent  inflows  to  various  regions  of 
ths  cerebral  cortex  especially  to  association  areas.  Little 
evidences  in  terns  of  EEG  activities  were,  however,  hitherto 
obtained. 


EEQ  response  in  the  association  area,  for  instances  in 
the  suprasylvian  gyrus  (SS),  were  yieded  also  by  photic  . 
flickering  visual  stimulation,  as  Illustrated  in  Fig.  7-*18,l, 
when  the  crosscorrelograms . of  the  rhythmic  stimulation  and  EBO 
were  obtained  by  our  method  or  by  the  pulse  signal  correlator. 
In  many  instances  the  stimulation  to  the  left  nucleus  centrum  . 
medianum  (ICH)  elicited  sli^dal  wave  like  EBO  response  in  the 
posterior  sigmoid  (Pig.  7-18. 1a  and  B) ,  suprasylvian  (C  and  D) 
and  posterior  suprasylvian  gyri  (E  and  P) ,  on  which,  however, 
small  fast  responses  were  superimposed  to  distort  the  wave 
form,  while  photic  stimulation  evoked  double  or  trlpple  re¬ 
sponses  in  many  instances  (I'ig.  17-18,  l).  In  some  Instances, 
the  SSCf  responses  were  depressed  by  combining  the  two  stimu- 
latlohs,  while  they  v;c:^o  augmented  by  the  same  stimulation. 

Consequently,  in -'ncs  of  the  nucleus  centrum  medianum 
stimulation  upon  du  .1,  ' .  jponsoa  to  photic  flicker  stlmu- 
latloa  were  observed  i:  '  r.icn'.;y  response  behavior  re- 
spsotivsly  under  pl.jttc  ....  .. .acer  stimulation,  electric  shocks 
to  the  auolsus  cer.':ru'U  uiodjc  Oia  and  the  synchronously  combined 
•tldMlations  were  surveyed  with  the  frequencies  ranging  from 
1  to  about  20  per  second  in  about  1  per  sec  steps  in  lower 
froquoaoies  than  13  c/seo  end  in  about  3-5  c/seo  steps  in 
hl^Mr  frequencies  than  13  o/sec. 

Itt  Vlg.  7-19,  a  case  of  the  frequency  responses  in  the 
bllatMTlkl  posterior  sigmoid  (IPS  and  rPS),  bilateral  lateral 
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Pig.7-.i.8.  ■>  ,  35EG  responses  induced  by  low  frequency  stiaiu- 
lation  to  the  nucleus  centrm  medianum. 

Ay  B:  left  and  right  anterior  portions  of  the  lateral  gyri 
respectively 

C,  Dj  left  and  right  supra3j’’lvian  gyri  (association  areas) 
respectively. 

S,  P:  left  and  right  posterior  portions  of  suprasylvian  gyri. 
(CM) J  rhythmic  electric  shock  stimulation  to  the  left  nucleus 
i  centrum  medianum. 

f 

'  ,  (Light) i  binoculsor  photic  flickering  stimulation. 

•  (CM  +  Light):  the  synchroncasly  combined  stimulation  of  th* 

1  .  above  two. 

i 


I 
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Pig.  7-18|lP.  BEG  responses  induced  by  low  frequency  stimu¬ 
lation  to  the  nucleus  centrum  nedianum. 

A,  B:  left  tjid  right  anterior  portions  of  the  lateral  gyri 
respectively. 

C,  D:  left  and  right  suprasylvian  gyri  (association  areas) 
respectively. 

P:  left  and  right  posterior  portions  of  suprasylvian  gyri. 

(CM):  rhythmic  electric  shock  stimulation  to  the  left  nucleus 
centrum  medianum. 

(Light):  binocular  photic  flickering  stimulation. 

(CM  -»■  Light):  the  synchronously  combined  stimulation  of  the 
above  two. 
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Pig.  7-18,2.  Frequency  response  behaviors  in  the  associ¬ 
ation  areas  elicited  by  binocular  photic  flash  stimulation 
and/or  the  stimulation  to  the  left  centrum  medianum. 

Abbreviations  see  Pig.  7-18,  IB  and  P. 
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Pig,  7-19. 

An  instance  of  the  frequency 
response  behaviors. 


(IL  and  rL)»  bilateral  posterior  suprasyrvlan  (IPSS  and  rPSS) 
gyrl  and  right  lateral  geniculate  body  elicited  by  photic 
flickering  stimulation  to  right  eye>  those  by  the  rhythmic 
electric  shock  to  left  nucleus  centrum  medlanum  and  those  by 
the  combined  one  of  the  two  stimulations  are  illustrated. 

Other  inkwritten  and  magnetically  recorded  data  on  these 
frequency  responses  were  obtained.  Data  processings  for 
verifing  the  frequency  response  behaviors,  however,  are  not 
yet  completed,  but  are  in  progress,  because  it  takes  time 
for  carrying  these  data  processing. 

8.  POSITIVE  OR  NEGATIVE  CORROBORjlTION 

As  basic  EEGs  of  men  and  animals  are  irregular  potential 
oscillations  with  the  frequencies  in  the  range  of  from  8  to 
12  c/sec,  EBG  responses  due  to  various  stimulations  with  a 
frequency  in  the  above  frequency  range  were  observed  before 
obtaining  the  frequency  responses  in  the  cerebral  somato¬ 
sensory  and  visual  cortex. 

As  various  afferent  inflows  converge  in  the  cerebral 
cortex,  there  are  various  interactions  between  them  to  cause 
inhibitory  and/or  augmentative  EEG  activities.  Even  in  the 
EEG  responses  induced  by  photic  flicker  stimulation  only, 
there  are  interactions  between  right  amd  left  monocular  stimu¬ 
lations,  between  photic  and  geniculate  stimulation,  between 
photic  and  reticular  stimulations  etc.  Not  only  interactions 
between  two  afferent  inflows  to  the  cerebral  cortex,  local 
differences  in  the  lateral  gyrus  (visual  area)  should  be  ob¬ 
served,  because  it  is  long  area  as  already  pointed  out. 

Little  knowledge  about  the  interactions  in  EBG  activities 
and  their  physiological  significance  are  obtained  hitherto. 

Some  important  contributions  would  be  found  in  our  results 
noted  in  the  Implications  of  conclusions. 

Though  we  could  perform  some  research  experiments  on 
the  frequency  response  behavior  related  to  the  'Special  Re¬ 
search  Goal'  noted  in  the  Negociated  Contract,  ilrticle  l,a. (1), 
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and  innumerable  Inkwrltten  and  magnetically  recorded  data 
are  in  our  hand.  The  results  of  data  processing  of  tbem» 
however,  are  not  yet  piled  up  enough,  because  it  takes  much 
time  for  data  processing.  We  would  like  to  sum  up,  there¬ 
fore,  in  the  next  Pinal  Report. 

From  the  same  point  of  view  of  the  SS8  generator  ac¬ 
tivity,  myotonogram  activity  was  defined  (THE  FIRST  QUARTERLY 
REPORT,  Paragraph  2.  Fundamental  Point  of  View  of  the  Re¬ 
search)  ,  by  which  the  central  control  mechanism  in  the  neuro- 
mascular  system  would  be  ai*le  to  investigate.  The  results 
of  the  data  processing  and  further  experiments  will  be  reported 
in  the  later  report. 

9.  CONTRIBUTIONS  TO  THEORY 

Prom  various  stand  points,  physiological  significance 
of  the  electroencephHlogrfim  (EEG)  has  been  investigated 
since  Caton  (1875)  Tound  the  cerebral  potential  irrelevant 
to  the  experiment aJL  stimulation  of  animEd,  especially  since 
Berger  (1929)  succeeded  in  recording  the  EBGs  from  the  surface 
of  human  scalp.  Pew  results  have  been  reveaded,  however, 
compared  with  the  innumerable  number  of  papers  reported 
hitherto. 

On  the  generating  mechanism  of  the  EEC,  it  will  be 
generally  recognized  that  a  complex  summation  of  the  slow 
potentials  (Tasaki  et  al.  1954;  Jasper  1961;  Hild  and  Tasaki 
1962}  of  excitable  membrane  originated  in  the  apical  dendrites, 
neuron  somas  and/or  glia  cells  in  the  cortex,  like  dendritic 
potentials,  post-synaptic  potentials,  etc.  will  be  picked  up 
by  the  leading  (gross)  electrode(s)  to  trace  EBGs. 

Few  results  were  obtained,  however,  in  what  mechanism 
the  above  slow  potentials  will  be  summated  to  form  the  BEG, 

As  already  noted  in  the  FIRST  QUARTERLY  PROGRESS  REPORT, 
Paragraph  2.  Foundamental  View  Point  of  the  Research,  Sato 
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(1961,  1962a,  1962b,  1963a, b)  and  Sato,  Oaakl  et  al.  (1961a) 
made  a  progreeelng  step  In  the  orglnatlng  mechanism  of  the 
BSO,  in  whioh  potential  at  an  arbitrary  time  point  will 
be  the  algebraic  summation  of  after  potentials  of  the  slow 
potentials  of  the  brain  neighbouring  the  leading  electrode(8) 
(S£0  generator)  evoked  by  afferent  nervous  Impulses  delivered 
in  the  past  of  this  time  point  (Sato  1962a, b). 

Here,  the  time-pattern  of  the  EB6  potential  will  be 
expressed  by  an  Integra],  equation  of  the  time-patterns  of 
the  afferent  stimulation  and  the  slow  potential  of  the  SEG 
generator  elicited  by  a  single  threshold  impulse  stimulus 
(the  "threshold-impulse-response") •  And  by  applying  the 
Fourier  transform  to  this  integral  equation,  the  following 
important  euid  fundamental  relationship: 

(9.1)  X(f)  •  G(f)  =  r(f) 

was  obtained,  where  X(f),  G(f)  and  Y(f)  are  respectively 
the  power  spectra  of  the  stimulation,  the  "threshold-impulse- 
response"  of  the  BEG  generator  and  the  3BG  and  "f"  is  the 
frequency  (cycles  per  second)  (Sato  et  al.  1957,  1961). 

It  has  also  been  verified  by  Sato  (1956-57;  1957a,  b, 
c;  1959a,  b)  Sato,  Ozaki.et  al.  (196Q,  1961a)  that  G(f)  is 
not  only  the  "frequency  response"  of  the  BEG  generator,  but 
also  has  an  extended  physiological  significance  of  the  "ex¬ 
citability"  and  assigned  as  the  "transforming  action"  (Sato, 
Mimura  et  al.  1957,  Sato  1956-57,  1957a,  b,  c,  1958,  1959a,  b) 
or  the  "activity"  (Sato,  Ozaki  et  al.  I960,  1961). 

In  addition,  Sato  (1961,  1962a,  b)  verified  further 
physiological  significance  of  the  generator  "activity" 
("transforming  action")  during  performing  this  re8e8a*ch 
contract  that  is  equivalent  to  the  "response  area"  (Galambos 
&  Davis  1943;  Tasaki  1954;  Katsuki  I960)  in  the  cerebral 
auditory  system  and  the  "spectral  sensitivity  curve"  (Suzuki, 
Taira  and  Motokawa  1961)  in  the  cerebral  visual  system. 

That  is  to  say,  let  "f"  in  (9.1)  be  the  frequency  of  the 
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pure  tone  etiaulue  delivered  to  the  ew  and  be  the  wave 
length  of  the  monochromatic  light  etimulue  delivered  to  eye 
respectively  and  in  addition  let  (f)  be  the  threshold 
stimulus  of  them,  then  the  frequencj'-pattern  of  the  excita¬ 
bility  of  the  auditory  and/or  the  visual  system  can  be  ex¬ 
pressed  In  the  next  £i(f): 

(9.2)  B(f)  =  ■ 

It  Is  obvious  therefor^  that  the  "response  area"  and 
the  "spectral  sensitivity  cirve"  are  equivalent  to  B(f). 

From  the  above  (9.2), 

(9.3)  ^  response) 

is  easily  obtained,  where  "1"  in  the  right  side  can  be  con¬ 
sidered  as  the  unit  amoun*  of  the  response  caused  by  the 
threshold  stimulus,  as  aften  done  in  physiological  experiments. 
If  the  stimulation  X(f'  in  (9.1)  is  equal  to  the  threshold, 
that  is  to  say,  X(f'  =  X^(f),  then  the  amount  of  the  response 
Y(f)  can  be  considered  as  unity  in  any  frequency,  i.e. 

(9.4)  y(f)  =  1,  when  X(f)  =  Xjj(f), 

therefore , 

(9.5)  G(f)  =  E(f),  when  X(f)  =  X^(f). 

Consequently,  it  is  obvious  that  the  "activity"  ("trans¬ 
forming  action",'  G(f)  has  a  more  extended  physiological  sig¬ 
nificance  than  the  "response  area"  in  the  auditory  system 
amd  the  "spectral  sensitivity  curve"  in  the  visual  system. 

Not  only  in  the  peripheral  nerve  (Gasser  1939) ,  but  also 
in  the  central  nervous  system  (Lloyed  1946;  Jarcho  1949; 

Chang  195* »  1951;  Gastaut  et  al.  1951)  in  general,  the  "ex¬ 
citability  cycle"  or  the  "recovery  curve"  of  the  excitability 
is  often  obtained  to  make  clear  its  physiological  properties* 
The  concept  of  the  "excitability  cycle"  is  also  able  to 
describe  in  terms  of  the  above  noted  "activity"  (transforming 
action).  When  the  time-pattern  of  the  "activity"  is  con- 


-  75  - 


ald«red  In  t«ru  of  tbe  follovlnc  rolatltMuhlp  botwoon  tho 
tlBo-pattorn  of  tho  atloulua  Intaaalty  and  that  of  the  amovint 
of  the  reapoasa,  i.Ot 

(9.6)  X(t)  •  A(t)  -  R(t) 

where  X(t)  la  the  atrength  of  the  atiatulua  delivered  to  a 
physiological  system  at  time  "t"  and  R(t)  la  the  response  of 
the  system  elicited  by  the  stimulus  X(t)  and  A(t)  is  the 
"activity"  of  the  system  to  produce  the  response  R(t). 

Let  the  time  point,  at  which  the  conditioning  stimulus 
will  be  delivered,  be  taken  as  the  time  origin,  then  the 
amount  of  the  evoked  response  by  this  conditioning  stimulus 
will  be  R(0),  when  0  is  assigned  to  the  time  origin.  Then 
the  intensity  of  the  conditioning  stimulus  is  able  to  express 
by  X(0) ,  and  the  same  relation  as  the  equation  (9.6): 

(9.7)  X(0)  •  a(0)  =  R(0^ 

will  be  able  to  consider,  where  A(0)  is  such  an  "activity" 
that  the  quantitative  expression  of  the  physiological  property 
neighbouring  the  leading  electrode(a)  to  produce  the  amount 
of  response  R(0)  by  a  delivery  of  the  conditioned  stimulus 
X(0).  When  the  teat  stimulus  with  the  strength  X(t)  is 
delivered  "t"  second  later  the  conditioning  stimulus  to 
produce  the  amount  of  the  response  R(t),  then  the  relation 
(9.6)  is  Jilso  able  to  consider,  where  A(t)  is  the  "activity" 
due  to  the  test  stimulus. 

The  "excitability  cycle"  is,  therefore,  nothing  else 
than  R(t)/R(0),  i.e. 


Here,  the  same  conditioning  stimulus  X(0)  is  delivered  always 
in  its  quality  and  quantity  and  the  test  stimiilua  X(t)  is 
also  always  constant  at  any  time  "t",  at  which  it  will  be 
delivered.  Then  X(t)/X(0)  can  be  regarded  as  always 
constants 
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(9.9)  X(t)/X(0)  •  Xj  (Xj  i 

Vhen  th9  aoount  of  the  evoked  reaipMfOt  hy  the  oMMltlohiiit 
etluulus  are  al^raye  finitely  ooneteht*  M  often  deeoluitr*ted 
hitherto  (Jarcho  1949>  Chang  1950,  1951»  1952t  Caetaut  et  al. 
1951),  then  the  activity  a(0)  will  be  aleo  oonetant,  l.e. 

(9.10)  A(0)  =  (K^  »  const.) 

The  excitability  cyole  R(t)/E'0)  becomes,  therefore. 
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(K  =  *  const.) 


Tnis  result  tells  us  that  the  "excitability  cycle"  is 
nothing  else  than  the  time-pattern  of  the  "activity"  ("trans¬ 
forming  action"). 

It  is  already  pointed  out  by  Sato,  Ozakl  et  al.  (I96la) 
and  Sato  (1961,  1962a, b,  1963a, b)  that  the  inverse  Fourier 
transform  of  the  frequency-pattern  of  the  BEG  "activity", 

G(f),  in  (9.1)  is  the  average  time-pattern  (autocorrelation 
function)  of  the  "threshold- impulse-response"  of  the  BBG 
generator.  It  would  be  infered,  therefore,  that  the  "ac¬ 
tivity"  ("transforming  action")  and  the  "excitability  cycle" 
aTQ  analogous  each  other  in  their  physiological  significance. 
Consequently,  an  "imp’olse-response"  of  the  brain  in  the 
neighbourhood  of  tho  leading  electrod o(s)  and/or  the  auto- 
correlogram  of  the  ££6  recorded  in  the  resting  relaxed  state 
would  be  resembled  each  other  in  their  wave  form.  And  some 
experimental  ev^idences  have  been  demonstrated  by  Barlow  (i960), 
Uttal  .and  Cook  (1962)  and  Sato  (l963a). 

An  enhumcement  and  dpjsinutlon  in  the  BEG  "activities", 
which  are  capable  of  obtaining  in  the  autocorrelograms  of 
EEGs  and/or  the  crosscorrelograms  of  the  stimulation  and 
the  EEGs  and  their  frequency  spectra,  therefore,  will  re¬ 
spectively  indicate  augmentative  (or  facilltatory)  and  in¬ 
hibitory  processes  in  the  EEG  generator. 
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Morussi  sad  Nagoun  (1949)  obatinrad  that  aot  oi&ljr  9p9l^ 
tanaott*  dortloal  UO  poteatlala  l>ut  alao  raoralUlag  potatttlala 
can  ba  abollahad  by  high  fraquancy  atlaialation  to  tha  bralnstaa 
ratloular  formation.  Letar,  not  only  Jaapar,  Naquet  and 
King  (1955)  confirmed  them  and  but  alao  Purpura  (1956)  atated 
that  an  inhibitory  procesa  ahould  have  been  occured  when  an 
electrocortlcal  arouaal  pattern  la  evoked  by  high  frequency 
reticular  atimulation,  because  he  could  demonatrated  depreasion 
of  the  dendritic  response  in  this  state.  In  addition,  Steriade 
and  Bemetrescu  (I960)  also  demonstrated  that  high  frequency 
mesencephalic  reticular  stimulation  exerted  inhibition  of  bi¬ 
lateral  cortical  flicker  potential  of  1  and  3  /sec,  whereas 
it  exerted  facilitation  of  those  of  8  and  16  /sec.  It  was 
alao  observed  in  one  of  our  experimental  results  (Pig.  7-11) 
that  low  frequency  flicker  potentials  in  the  lateral  gyrus 
were  inhibited  by  high  frequency  ipsilateral  reticular  stimu¬ 
lation,  whereas  they  were  augmented  in  the  contralateral  re¬ 
ticular  stimulation.  And  in  the  autocorrelograms  and  their 
frequency  spectra  of  EEG  illustrated  in  Pig.  7-12,  high  fre¬ 
quency  midbrain  reticular  stimulation  induced  reduction  of 
the  slow  background  BEG  potentials  in  average  and  occaalonailly 
enhanced  high  frequency  (25  c/sec)  EEG  petential.  When  the 
slow  background  BEG  potentials  were  not  prominent,  they  were 
rather  augmented  by  the  reticular  stimulation.  Purther  re¬ 
sults  will  be  demonstrated  in  the  next  PINAL  REPORT. 

It  is  generally  accepted  since  Adrian  and  Matthews  (1934) 
and  Adrian  and  Yamagiwa  (1935)  stated  that  diminution  or 
abolishlment  of  the  basic  BEG  potentials,  which  is  called 
"electrocortlcail  arousal",  indicates  an  excitatory  process  in 
the  brain.  Prom  the  above  theoretical  and  experimental  evi¬ 
dences,  however,  this  changes  in  any  BEG  potential  in  men  and 
animals  would  be  followed  some  inhibitory  process  Informed 
by  depression  of  EEG  potentials,  as  adready  state  by  Purpura 
(1956),  Sato  and  Mimura  (1957)  Steriade  and  Bemetrescu  (I960) 
and  Mimura  et  al.  (1962). 


-  78  - 


Murahal  (1949) «  Orttaatr-Oornhl*  and  Ortaaar  (1960)  and 
Orttaaer  and  Sauar  (I960)  eoneludad  that  no  apaoiflc  Intar^ 
action  will  taka  plaea  at  gaftieulata  laval  of  oat,  while 
Blahop  and  Davia  (1953)  provided  clear  evidence  that  some 
interaction  did  take  place  at  geniculate  level.  Bishop, 

Burke  et  al.  (1958)  observed  in  the  excitability  cycle  in 
the  geniculate  response  that  the  test  response  in  the  lateral 
geniculate  body  elicited  by  the  contralateral  optic  stimulus, 
which  w!is  delivered  various  delays  after  the  conditioning 
stimulus  to  the  ipsilateral  optic  nerve,  was  facilitated  and 
depressed  respectively  at  intervals  of  2-3  ma  and  4-300  ms- 
Their  histoligical  studies  showed  that  direct  binocular 
interaction  is  limited  to  the  zones  in  the  geniculate  nucleus 
which  contain  large  cells,  i.e.,  the  nucleus  interlaminsiris 
centralis  and  the  nucleus  interlaminar is  medialis.  Although 
Grttsser  and  Sauer  (i960)  stated  no  real  convergence  of  both 
ipsi-  and  contralateral  retinal  afferents  could  observe, 
they  observed  that  8  neurons  showed  a  statistically  signifi¬ 
cant  diminution  of  discharge  frequency  to  synchronous  bi¬ 
nocular  light  stimulation  in  comparison  with  their  monocular 
light  responses.  This  evidence  seems  to  suggest  the  inter¬ 
action  in  the  geniculate  level. 

As  ceui  be  seen  in  Pig.  7-lA  and  B,  geniculate  responses 
to  binocular  rhythmic  flash  of  10  c/sec  were  far  higher  than 
the  summation  of  those  due  to  right  and  left  monocixlar  stimu¬ 
lation,  so  that  a  conspicous  facilitation  was  yielded  in  the 
geniculate  level  by  repetitive  binocular  flash  stimuli  in 
every  100  ms.  In  the  excitability  cycle  demonstrated  by 
Bishop,  Burke  et  al.  (1958)  depression  of  the  geniculate 
response  at  the  interval  of  100  ms  between  the  conditioning 
and  test  stimuls  amounted  to  about  20  In  addition  change 

in  the  discharge  frequency  of  geniculate  neurons  induced  by 
synchronous  binocular  light  stimulation  was  also  suggestive 
an  inhibitory  interaction  (Grttsser  and  Sauer  I960).  Conse¬ 
quently,  an  opposite  interaction  to  the  result  demonstrated 
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by  Bishop,  Burks  et  al.  vas  vsriflsd  in  ths  averags  responss 
tins-  and  frsqusnoy-pat terns  of  A  new  evidences  can 

be  expected,  therefore,  in  the  frequency  response  of  lateral 
geniculate  body,  which  will  be  reported  in  the  next  PIUAL 
REPORT,  since  it  takes  time  to  perform  data  processings 
necessary  for  obtaining  frequency  responses. 

Horuzzi  and  Hagoun  (1949)  noted  that  low  frequency  stinu- 
latlon  of  the  ascending  reticular  system  did  not  itself  in¬ 
duce  a  recruiting  response  (Jasper  1949,  Jasper  and  Ajmone- 
Marsan  1950,  Hanberg  and  Jasper  1955,  Verzeano,  Lindaley  and 
Magoun  1955,  Jasper,  Naquet  and  King  1955),  one  for  each  shock 
which  coincode  to  our  BEG  response  of  the  stimulating  fre¬ 
quency.  As  illustrated  in  Pig.  7-15,  distinct  EBG  responses 
were  induced  by  low  frequency  stimulation  to  the  midbrain 
reticular  formation  Even  when  the  responses  could  not  ob¬ 
serve  in  the  EEG  record  itself,  it  was  carved  in  relief  in 
+he  autocorrelogram  of  the  EEG  or  iu  the  crosscorrelograa 
betvjeen  the  stimulation  and  the  EEG.  And  it  was  observed 
such  fin  example  as  illustrated  in  Pig.  7-15  that  the  fre¬ 
quency  response  in  the  left  lateral  gyrus  due  to  contralateral 
photic  flicker  stimulation  was  enhanced  by  synchronous  combi¬ 
nation  of  the  ipailateral  midbrain  reticular  shock  stimulation. 
In  the  frequency  response  obtained  in  the  right  lateral  gyrus 
the  same  effect  was  also  observed  except  at  the  stimulating 
frequency  of  IL  c/seo,  at  which  reduction  was  observed.  In 
other  example  of  tVie  frequency  response  in  the  lateral  gyri 
(Pig.  7-12, P),  ipsi’ateral.  flicker  potentials  were  augmented 
by  the  synchronized  electric  stimulation  to  the  contralateral 
reticular  formation,  while  contralateral  flicker  potentials 
were  inhibited  by  the  synchronized  stimulation  to  the  ipei- 
lateral  reticular  formation.  Consequently,  it  would  be 
obvious  that  a  low  frequency  reticular  stimulation  is  capable 
of  inducing  not  only  a  recruiting  response  (EEG  response), 
but  also  of  exerting  augmentative  and/or  inhibitory  effects 
upon  the  cerebral  EEG  responses.  And  when  an  inhibitory 
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iaflUMM*  la  lndttotd  by  low  frequency  reticular  etlaulation 
a  reerultlac  reaponae  will  not  appeared. 

Doty  (1958)  confirmed  that  a  cortical  strip  along  the 
marginal  gyrue  adjacent  to  but  probably  not  within  the  striate 
area  yields  by  far  the  highest  evoked  potentials  elicited  by 
optic  stimuli.  In  comparison  with  the  cortical  strip  to  the 
££G  responses  to  photic  flicker  stimulation  Illustrated  In 
Fig.  7-2  no  essential  contradictions  were  observed  between 
them. 

Chang  (1950)  analysed  the  complex  form  of  the  primary 
cortical  response  of  cat  to  optic  nerve  stimulation  and 
demonstrated  three  independent  constituent  potentials  repre-» 
senting  the  activity  of  three  systems  of  geniculo-cortical 
pathways,  each  of  which  consists  of  spike  potential  and  a 
slow  wave  the  average  time-pa'^^serns  of  BEG  response  to  mono- 
and/or  binocular  flickering  s'.imuiation,  double  or  tripple 
responses  to  one  flash  were  observed,  each  of  which  was 
different  in  the  amplitude  form.  As  illustrated  in 
Pig.  7-2,  7-3,  7-5,  7-6,  J,  7-13,  7-18,1  and  etc.  the  re., 
sponse  were  observed  alsi  in  the  lateral  geniculate  body  as 
well  as  in  the  cerebrai  cortex  to  suggest  the  slow  potential 
activities  of  differen:  systems. 

It  is  generedoy  Hjcepted  in  evoked  potential  and  unit 
discharge  recorded  by  rtross  and  microelectrode  technique 
respectively  that  oonti a-? ateral  eye  has  a  greater  represen¬ 
tation  than  the  .^psilateral  eye  (Doty  1958;  Burns,  Heron  ^ 
Grafstein  I960,  Auerbach  et  al.  1961).  Not  only  by  these 
electrophysiological  evidences,  but  by  histological  fact  that 
67  ^  of  fibers  in  a  unilateral  optic  nerve  of  cat  are  crossed 
(Bishop,  Burke  et  al.  1958),  the  greater  representation  of 
contralateral  eye  verified.  In  the  average  time-  and  fre¬ 
quency-patterns  of  EEG  response  illustrated  In  the  paragraph 
7,  however,  some  results  were  coincided  to  this  and  others 
were  opposite  to.  In  addition,  quite  a  different  pattern 
was  observed  between  the  response  elicited  by  Ipsl-  and 
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Qontrolaterel  monocular  stimulation.  On  th«  interaetiona ' 
of  binocular  visual  afferents,  there  vo\ild  be  e:q>ected  some 
valuable  evidences  and  arguments  on  the  EBG  activities  (fre» 
quenoy  responses),  which  will  be  reported  in  the  next  FINAL 
REPORT. 

It  would  be  noted  that  the  frequency  responses  (Pig.  7-10) 
induced  by  monocular  flash  stimulations  in  the  bilateral  pos¬ 
terior  sigmoid  gyri  and  bilateral  lateral  gyri  were  augmented 
and  inhibited  by  synchronous  combination  of  the  flash  and 
electric  shock  to  right  main  pad  in  the  stimulating  frequency 
range  of  3-7  and  7-11  c/sec  respectively,  whereas  the  augmen¬ 
tative  effect  was  not  obvious  m  the  contralateral  nucleus 
centrum  medianum  and  ipsilatera.L  lateral  geniculate  body, 
though  the  inhibitory  one  was  observed.  There  would  be  able 
to  infer,  therefore,  such  mechaiiisms  from  these  evidences 
that  inhibitory  process  induced  by  cutaneous  stimulation  in 
the  visusJL  cortex  will  be  followed  by  the  same  process  as  in 
the  thalamic  level,  which  will  be  related  closely  to  the 
ascending  inhibitory  system  in  the  pontine  reticular  formation 
(Armengol,  Lifschitz  and  Palestini  1931,  Demeterescu  and 
Demeterescu  1962),  while  the  augmentative  process  will  be 
caused  predominantly  by  the  convergence  of  retinal  and  cu¬ 
taneous  afferent  inflows  in  the  cortical  neuron  aggregates. 

As  the  normal  striate  muscle  fibers  can  never  excite 
without  extrinsic  nervous  impulses  delivered  to  their 
endplates,  their  ton:c  activities  recorded  by  the  myotonogram 
(MT)  is  capable  of  describing  by  the  same  theoretical  and 
experimental  points  of  view  of  the  electroencephalogram,  as 
already  reported  in  THE  FIRST  QUATARI.Y  PROGRESS  REPORT,  Para¬ 
graph  2.  Though  some  experimental  evidences  of  augmentative 
and  inhibitory  midbrain  reticular  influences  were  observed 
(Pig.  7-16a  and  B;  7-17),  further  results  on  the  MT  "activities" 
will  be  reported  in  the  next  PINaL  REPORT. 
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